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Benign paroxysmal positional vertigo (BPPV) is a commonly recognized vestibular dis-
order which is characterized by brief periods of vertigo and a characteristic nystagmus.
The nystagmus is often difficult to appreciate with naked eyes and hence video ocu-
lography is a helpful tool. Dizziness Handicap Inventory is an objective way to assess
the impact of vertigo on quality of life.

Objective Our study here aims at diagnosing undiagnosed, difficult and missed cases
of BPPV using video-oculography and managing it with repositioning manoeuvre. This
study also aims at measuring Dizziness Handicap Inventory Scores pre and post repo-
sitioning manoeuvre. We also observed the association between Vitamin D levels and
the occurrence of BPPV.

Methods and Materials One hundred and twenty-six patients were enrolled in the
age group of 18-70 years. After recognizing patients with BPPV, vertigo evaluation
was performed. Those patients with suggestive history and suspicion of multiple canal
involvement were taken for video-oculography.

Results Forty-four patients were in age group of 50-60 years, having female pre-
dominance. 35.71% cases which were missed on clinical examination were correctly
diagnosed using video-oculography. The mean pre-intervention DHI was 41.29 + 15.90
which lowered down to 14.84 + 11.52 in post-intervention period. The highest DHI
scores were seen in multi-canal BPPV involving lateral and posterior semi-circular canals.
Conclusion With the help of vide-oculography we could diagnose more cases of
anterior and multi canal BPPV which are often missed. Maximum number of partici-
pants had insufficient levels of Vitamin-D and in our opinion correcting it would reduce
the occurrence and recurrence rate..

positional vertigo (BPPV) is a commonly recognized vestib-
ular disorder, accounting for approximately one-third of

Vertigo and dizziness cover several multisensory and senso-
rimotor syndromes of various etiologies and pathogenesis. It
may be central or peripheral in origin.! Benign paroxysmal
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the cases. It is characterized by brief periods of vertigo trig-
gered by a changing head position relative to gravity.? The
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first clinical description of positional vertigo is attributed to
Barany in 1921 and in 1952, Dix and Hallpike were the first
to clearly describe the provoking maneuvers.?

BPPV have an estimated lifetime prevalence of 2.4%. In
studies of both young adults and the elderly, a prevalence
of 9% has been described.? The incidence of BPPV increases
with age. BPPV is often unrecognized in older adults.
Epidemiologically, fourth and fifth decades of life are the
most commonly afflicted age groups but may also affect the
younger population. There has been reported to be higher
incidence in females.*

BPPV affects the calcium carbonate crystals, otoconia, in
the sensory organs of inner ear, macula of utricle and saccule.
They have a greater density than the surrounding endolymph,
thus making the macula sensitive to changes in linear accel-
eration and, importantly, gravity. The semi-circular canals, in
contrast, are sensitive to changes in angular acceleration. In
BPPV, otoconia from the utricle is thought to collect in the
semi-circular canals, making them abnormally gravity sensi-
tive. The net result is that changes in the head position with
respect to gravity result in an abnormal displacement of
the cupula and stimulation of the corresponding vestibular
afferents. This results in the characteristically abnormal eye
movements and vertigo.?

Most cases of BPPV are idiopathic in origin and probably
result from the degeneration of the macula. Some risk factors
can increase its incidence such as old age, osteoporosis, vita-
min D deficiency, and vertebro-basilar insufficiency.> Several
studies indicated the association between BPPV with oste-
oporosis and vitamin D deficiency, implying that abnormal
calcium metabolism may underlie BPPV.® Secondary causes
of BPPV refer to identifiable causes of otoconial dislodge-
ment. These include otologic and non-otologic surgery, head
trauma, vestibular neuritis, and Meniere’s disease and sud-
den sensorineural hearing loss.”

Any of the semi-circular canals can be affected by BPPV, but
in the great majority of cases, only the posterior canal (80-
90%) is involved although occasionally the lateral (5-10%) and
the anterior semi-circular canal (1-2%) is affected. Unilateral
BPPV is much more common than bilateral involvement.
BPPV that simultaneously involves multiple canals is rare
and usually affects canals in the same labyrinth. The elicita-
tion of more than one pattern of nystagmus by the positional
and positioning maneuvers suggests a combined lesion that
affects more than one semi-circular canal at the same time.®

The definite diagnosis of BPPV requires diagnostic posi-
tional maneuvers that lead to the observation of a canal
specific positional nystagmus. Positional testing involves the
provocation of vertigo and nystagmus, and different maneu-
vers test different semi-circular canals, e.g., DixHall Pike
maneuver for posterior semi-circular canal, supine head roll
test for lateral semi-circular canal, supine head extension
maneuver for anterior semi-circular canal. A canal specific
response is diagnosed when a rotation of the head in the
plane of a semicircular canal evokes positional nystagmus of
maximal intensity (in terms of slow phase velocity).

Frenzel goggles or video-oculography can be helpful, par-
ticularly when the nystagmus is weak or momentary® The

VNG examination provides a unique opportunity for the
simultaneous quantitative and qualitative assessment of both
horizontal and vertical components of nystagmus.'® It also
assesses the function of the vestibular end organs, central
vestibulo-ocular pathway, and oculomotor processes.!" The
nystagmus in BPPV has a crescendo-decrescendo charac-
teristic, and the fine ocular responses, most of the time,
are difficult to be seen through Frenzel glasses. Using
video-oculography, we can also record the characteristic of
nystagmus. The ocular responses on record can be repeatedly
examined and analyzed, which ensures reliable evaluation.'?

An objective way to assess the impact of vertigo on the
quality of life. The 25-item Dizziness Handicap Inventory
(DHI) was developed by Gary Jacobson and Craig Newman to
evaluate the self-perceived handicapping effects imposed by
vestibular system disease. The items were sub-grouped into
three content domains representing functional, emotional,
and physical aspects of dizziness and unsteadiness." Total
scores range from O to 100 with increasing scores signify-
ing greater perception of handicap because of dizziness. The
scoring for the dizziness handicap is done as follows: 16 to
34 points (mild handicap), 36 to 52 points (moderate handi-
cap), 54+ points (severe handicap)' (~Fig. 1).

Our study here aims at diagnosing more and more
patients with complaints of vertigo associated with head
and neck movements suggestive of BPPV and managing it
with repositioning maneuver. This study also aims at mea-
suring the Dizziness Handicap Inventory pre and post repo-
sitioning maneuver and reducing handicap with directed
management.

Methods and Materials

The patients presented to OPD or admitted in the
Department of Otorhinolaryngology and Head & Neck
Surgery, Choithram Hospital & Research Center (CH &RC),
Indore, Madhya Pradesh, were included in the study after
obtaining a written informed consent. History was docu-
mented and clinical evaluation was performed to differenti-
ate peripheral from central causes of vertigo. Positional tests
were undertaken to provoke BPPV. In those subjects with a
strong history suggestive of BPPV and the absence of nystag-
mus on clinical positioning tests were further studied with
video-oculography. Similarly, those patients showing a clas-
sical single canal involvement but with atypical accessory
nystagmus (suspected of multi-canal involvement) were fur-
ther evaluated with video-oculography. With video Frenzel
glasses, we documented the characteristic of nystagmus to
isolate the semi-circular canal/s that were involved in the
causation of vertigo. Serum Vitamin D levels were checked.
The repositioning maneuver were performed subsequently
for respective canals. The Dizziness Handicap Inventory was
documented pre and post repositioning maneuvers.

As per the statistical calculations, 126 samples were
included in the study.
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DIZZINESS HANDICAP INVENTORY

Questions Always Sometimes No

P1 | Does looking up increase your problem?

E2 | Because of your problem, do you feel frustrated?

F3 | Because of your problem, do you restrict your
travel for business or recreation?

P4 | Does walking down the aisle of a supermarket
increase your problems?

F5 | Because of your problem, do you have difficulty
getting into or out of bed?

F6 | Does your problem significantly restrict your
participation in social activities, such as going out
to dinner, going to the movies, dancing, or going
to parties?

F7 | Because of your problem, do you have difficulty
reading?

P8 | Does performing more ambitious activities such
as sports, dancing, household chores (sweeping or
putting dishes away) increase your problems?

E9 | Because of your problem, are you afraid to leave
your home without having without having
someone accompany you?

E10 | Because of your problem have you been
embarrassed in front of others?

P11 | Do quick movements of your head increase your
problem?

F12 | Because of your problem, do you avoid heights?

P13 | Does turning over in bed increase your problem?

Annals of Otology and Neurotology Vol. 5 No. 1/2022 ©2023. Indian Society of Otology.
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Questions Always Sometimes No

F14 | Because of your problem, is it difficult for you to
do strenuous homework or yard work?

E15 | Because of your problem, are you afraid people
may think you are intoxicated?

F16 | Because of your problem, is it difficult for you to
go for a walk by yourself?

P17 | Does walking down a sidewalk increase your
problem?

E18 | Because of your problem, is it difficult for you to
concentrate?

F19 | Because of your problem, is it difficult for you to
walk around your house in the dark?

E20 | Because of your problem, are you afraid to stay
home alone?

E21 | Because of your problem, do you feel
handicapped?

E22 | Has the problem placed stress on your
relationships with members of your family or
friends?

E23 | Because of your problem, are you depressed?

F24 | Does your problem interfere with your job or
household responsibilities?

P25 | Does bending over increase your problem?

The patient is asked to answer each question as it pertains to dizziness or unsteadiness problems, specifically
considering their condition during the last month. Questions are designed to incorporate functional (F),
physical (P), and emotional (E) impacts on disability.

To each item, the following scores can be assigned:
No=0 Sometimes=2 Yes=4

Scores:

Scores greater than 10 points should be referred to balance specialists for further evaluation.
16-34 Points (mild handicap)

36-52 Points (moderate handicap)

54+ Points (severe handicap)

Fig. 1 Dizziness Handicap Inventory Score.
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Results

Majority of the patients were in the age group 51 to 60
(44 patients) years and 61 to 70 years (37 patients) and mean
age of 53.07 + 12.24 with female predilection (69 females
and 57 males). In 81 (64.3%) patients, the posterior canal was
involved and Epley’s maneuver was performed for them; in
39 (30.9%) patients, the lateral canal was involved, Barbecue
roll maneuver was performed; in 26 (20.6%) patients, the
anterior canal was involved for which Yacovino maneuver
was performed (=Fig. 2). Multi canal involvement was seen in
20 patients. Canal with more intense nystagmus was reposited
first.

In 106 (84.1%) patients, only one canal was involved, while
in 20 patients (15.8%), multiple canals were involved. Left
side was more common in lateral canal BPPV, whereas the
right side was found more common in posterior canal BPPV.

The mean pre-intervention Dizziness Handicap Inventory
Score was 41.29 + 15.90 and the mean post-intervention
Dizziness Handicap Inventory score was 14.84 + 11.52.
The difference was found to be statistically significant (p =
0.001), showing a significantly lower post-intervention score
(=~Figs. 3 and 4). In the post-intervention period, at the end
of 14 days, 84 (66.7%) patients were totally asymptomatic,
31 patients (24.6%) had mild DHI score, while 11 patients
(8.7%) had moderate DHI score. In total, 95 patients (75.4%)
required single repositioning maneuver, 23 patients (18.3%)
required two maneuvers, while 8 (6.3%) patients required

Video Occulography-Assisted Diagnosis of BPPV  Khan et al.

three maneuvers for relief. Theses maneuvers were repeated
at an interval of 3 days.
Forty-five patients were taken for video-oculography.
Twenty-five patients, who were undiagnosed on clinical eval-
uation could be correctly diagnosed with video-oculography.
Rest 20 cases, the patients who showed a classical single
canal involvement but with atypical accessory nystagmus
(suspected of multi-canal involvement) on clinical positional
testing were diagnosed as multi-canal involvement on VOG.
In our study, 117 patients had vitamin D levels below
the normal range, 56 (44.4%) patients had deficient levels
(< 25 nmol/L), while 61 (48.4%) patients had insufficient lev-
els of vitamin D (25-75 nmol/L). Only nine (7.1%) patients
had sufficient levels (> 75 nmol/L) (=~Fig. 5). None of the
patients had vitamin D levels in the potentially toxic range.
The association between the vitamin D status and the num-
ber of maneuvers required was found to be statistically not
significant.

Discussion

BPPV is a subset of vertigo that is triggered with the stimula-
tion of the vestibular system. Most commonly, it is a disease
of elderly women. The dizziness due to BPPV causes mod-
erate handicap in most cases and can be very easily treated
with repositioning maneuvers.

The diagnosis and the treatment of BPPV have been
assisted with the invent of video-oculography. The video
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Fig. 2 Distribution of BPPV according to canal involvement.
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Comparison of pre- and post- intervention DHI
severity score

Asymptomatic

Fig. 3 Comparison of pre- and post-intervention DHI severity score.

Frenzel goggles help to pick up the weak nystagmus, which is
not appreciated by the naked eyes. The video Frenzel goggles
allow us to record eye movements and nystagmus both with
and without fixation.

The studies by von Breveren et al, Furman et al, Swain
et al, Shim et al found mean ages of 49.4 (SD 13.8),% 54 years,"”
41.4 years,?> and 54.4 + 14.8' respectively. These findings
were consistent with our findings of mean age of 53.07 +
12.24 years. All these studies had shown female preponder-
ance similar to our study.

Korres et al'” and Balatsouras et al'® had shown involve-
ment of anterior canal BPPV in 1 to 2% cases, while Jackson
et al’® and Lopez-Escamez et al* reported anterior canal
BPPV in 21.2% cases and 17.14% respectively. The later find-
ings were consistent with findings of our study (20.6%).

Shim et al,'* Tomaz et al,® Balatsouras’® and Lopez-Escamez
et al?® had reported multi-canal involvement in 4.6%, 1.5%,
9.3%, and 20% of cases, respectively. In our study, multi-
ple canals were involved in 20 out of 126 cases. Jackson
et al,’ Lopez-Escamez et al,>*?! and Maslovara et al*2 had
shown importance of video-oculography in their studies for
precise and accurate diagnosis of anterior canal BPPV and
multiple canal involvement. The use of video-oculography
has proven beneficial in our study too, where 45 cases out of
126 were diagnosed correctly.

Whitney et al and Martens et al,”®?4 van der Zaag-Loonen
et al,® Nishino et al,*® and Amrish et al,?’” have reported
higher Dizziness Handicap Inventory score in cases of

Pre-Intervention

M Post-Intervention

Moderate

BPPV. This was similar to the findings of our study with
mean pre-intervention score of 41.29 + 15.90 and the mean
post-intervention score of 14.84 + 11.52. Eighty-four patients
were asymptomatic, 31 patients had mild DHI score, while
11 patients had moderate DHI score after repositioning
maneuver (=Figs. 3 and 4). The maximum pre-intervention
DHI was found in cases of anterior canal involvement, which
was 44.31 £ 15.37.

Buki et al,® Jeong et al,?**° and Sheikhzade et al*! had
shown correlation between vitamin D deficiency and BPPV.
These studies had also reported to be higher recurrence
rate of BPPV in vitamin D deficiency. In our study also,
117 patients had vitamin D levels below the normal range.
Fifty-six (44.4%) patients had deficient levels (< 25 nmol/L),
while 61 (48.4%) patients had insufficient levels of vitamin D
(25-75nmol/L) (~Fig. 5).

Conclusion

Video-oculography is a helpful tool in the diagnosis and
treatment of benign paroxysmal positional vertigo. It not
only helps us to detect the weakest of nystagmus but also
correctly diagnose the involvement of canals. Dizziness
Handicap Inventory is an objective way to assess functional
performance in patients having vestibular disease. The higher
number of asymptomatic patients in the post-intervention
period in our study lead us to conclude that reposition-
ing maneuvers form the main stay treatment for BPPV.
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COMPARISON OF MEAN PRE- AND
POST-INTERVENTION DHI SCORES

41.29

MEAN VALUE

Preintervention Postintervention

DHI Score (Mean)

Fig. 4 Comparison of mean pre- and post-intervention DHI score.

DISTRIBUTION ACCORDING TO
VITAMIN-D LEVELS

PERCENTAGE (%)

0

Deficient Insufficient Sufficient Potentially toxic

Fig. 5 Distribution as per vitamin D levels.

Annals of Otology and Neurotology Vol. 5 No. 1/2022 ©2023. Indian Society of Otology.




14

Video Occulography-Assisted Diagnosis of BPPV  Khan et al.

Correction of vitamin D levels may help to reduce the occur-
rence of BPPV.

Conflict of Interest
None declared.

References

1

10

11

12

13

14

15

Brandt T, Dieterich M, Strupp M. Peripheral vestibular forms
of vertigo. Vertigo and Dizziness: Common Complaints.
Springer;2005:41-48

Swain S, Behera IC, Sahu MC. Prevalence of benign paroxys-
mal positional vertigo: our experiences at a tertiary care hos-
pital of India. Egyptian Journal of Ear Nose Throat and Allied
Sciences 2018;19(3):87-92

Saman Y, Bamiou D-E. Benign paroxysmal peripheral
vertigo, Watkinson JC, Clarke RW, eds. Scott-Brown’s
Otorhinolaryngology and Head and Neck Surgery: 3 volume
set. CRC Press;2018:831-841

von Brevern M, Radtke A, Lezius F, et al. Epidemiology of
benign paroxysmal positional vertigo: a population based
study. ] Neurol Neurosurg Psychiatry 2007;78(7):710-715
Mohamad A. Benign paroxysmal positional vertigo involving
multiple canals. Glob ] Otolaryngol 2017;10(5):116-117

Ding ], Liu L, Kong W-K, Chen X-B, Liu X. Serum levels
of 25-hydroxyvitamin D correlate withidiopathic benign parox-
ysmal positional vertigo. Biosci Rep 2019;39(4):BSR20190142
You P, Instrum R, Parnes L. Benign paroxysmal positional ver-
tigo. Laryngoscope Investig Otolaryngol 2018;4(1):116-123
Tomaz A, Ganan¢a MM, Gananca CF, Gananga FF, Caovilla HH,
Harker L. Benign paroxysmal positional vertigo: concomitant
involvement of different semicircular canals. Ann Otol Rhinol
Laryngol 2009;118(2):113-117

von Brevern M, Bertholon P, Brandt T, et al. Benign par-
oxysmal positional vertigo: Diagnostic criteria. ] Vestib
Res 2015;25(3-4):105-117

Mitonski ], Pietkiewicz P, Bieliniska M, KuSmierczyk K, Olszewski
J. The use of videonystagmography head impulse test (VHIT) in
the diagnostics of semicircular canal injuries in patients with
vertigo. Int ] Occup Med Environ Health 2014;27(4):583-590
Shah S, Vishwakarma R. Role of videonystagmography (VNG)
in Epley’s maneuver. International Journal of Otolaryngology
and Head & Neck Surgery 2014;3:311-317

Yakinthou A, Maurer ], Mann W. Benign paroxysmal positioning
vertigo: diagnosis and therapy using video-oculographic con-
trol. ORL ] Otorhinolaryngol Relat Spec 2003;65(5):290-294
Jacobson GP, Newman CW. The development of the diz-
ziness handicap inventory. Arch Otolaryngol Head Neck
Surg 1990;116(4):424-427

Yorke A, Ward [, Vora S, Combs S, Keller-johnson T.
Measurement characteristics and clinical utility of the
Dizziness Handicap Inventory among individuals with
vestibular disorders. Archives of Physical Medicine and
Rehabilitation 2013;94(11):2313-2314

Furman JM, Cass SP. Benign paroxysmal positional vertigo.
N Engl ] Med 1999;341(21):1590-1596

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Shim DB, Song CE, Jung EJ, Ko KM, Park JW, Song MH.
Benign paroxysmal positional vertigo with simultane-
ous involvement of multiple semicircular canals. Korean
J Audiol 2014;18(3):126-130

Korres S, Balatsouras DG, Kaberos A, Economou C, Kandiloros
D, Ferekidis E. Occurrence of semicircular canal involve-
ment in benign paroxysmal positional vertigo. Otol
Neurotol 2002;23(6):926-932

Balatsouras DG, Koukoutsis G, Ganelis P, Korres GS, Kaberos
A. Diagnosis of single-or multiple-canal benign paroxysmal
positional vertigo according to the type of nystagmus. Int
] Otolaryngol 2011;2011:483965

Jackson LE, Morgan B, Fletcher JC Jr, Krueger WW. Anterior
canal benign paroxysmal positional vertigo: an underappreci-
ated entity. Otol Neurotol 2007;28(2):218-222
Lopez-Escamez JA, Molina MI, Gamiz M, et al. Multiple posi-
tional nystagmus suggests multiple canalinvolvementin benign
paroxysmal vertigo. Acta Otolaryngol 2005;125(9):954-961
Lépez-Escamez JAJOH. Role of vestibular testing in diagnosis of
benign paroxysmal positional vertigo. Otolaryngol Head Neck
Surg 2009;141(1):7-9, author reply 10-11

Maslovara S, Vesligaj T, Butkovic Soldo S, et al. Importance of
accurate diagnosis in benign paroxysmal positional vertigo
(BPPV) therapy. Med Glas 2014;11(2):300-306

Whitney SL, Marchetti GF, Morris LO. Usefulness of the dizzi-
ness handicap inventory in the screening for benign paroxys-
mal positional vertigo. Otol Neurotol 2005;26(5):1027-1033

Martens C, Goplen FK, Aasen T, Nordfalk KF, Nordahl
SHG. Dizziness handicap and clinical characteris-
tics of posterior and lateral canal BPPV. Eur Arch

Otorhinolaryngol 2019;276(8):2181-2189

van der Zaag-Loonen HJ, van Leeuwen RB, Bruintjes TD,
van Munster BC. Prevalence of unrecognized benign par-
oxysmal positional vertigo in older patients. Eur Arch
Otorhinolaryngol 2015;272(6):1521-1524

Nishino LK,Granato L,de Campos CAH. Quality of life question-
naire application in patients before and after vestibular reha-
bilitation. International archives of otorhinolaryngology 2008;
12 (4):517-522

Saxena A, Prabhakar MC. Performance of DHI score as a pre-
dictor of benign paroxysmal positional vertigo in geriatric
patients with dizziness/vertigo: a cross-sectional study. PLoS
One 2013;8(3):e58106

Biiki B,Ecker M,Jiinger H,Lundberg YW. Vitamin D defi-
ciency and benign paroxysmal positioning vertigo. Med
Hypotheses 2013; 80 (2):201-204

Jeong S-H, Kim J-S, Shin JW, et al. Decreased serum vita-
min D in idiopathic benign paroxysmal positional vertigo.
J Neurol 2013;260(3):832-838

Jeong S-H, Kim J-S, Kim H-J, et al. Prevention of benign parox-
ysmal positional vertigo with vitamin D supplementation: a
randomized trial. Neurology 2020;95(9):e1117-e1125
Sheikhzadeh M, Lotfi Y, Mousavi A, Heidari B, Bakhshi E. The
effect of serum vitamin D normalization in preventing recur-
rences of benign paroxysmal positional vertigo: a case-control
study. Caspian ] Intern Med 2016;7(3):173-177

Annals of Otology and Neurotology Vol. 5 No. 1/2022 ©2023. Indian Society of Otology.



	2

