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Abstract

Objectives: This study aims to investigate the value of Video head impulse test (VHIT) findings in peripheral vertigo diseases,
especially in Benign paroxysmal positional vertigo (BPPV) in the acute period. Design: A prospective study was designed.
Setting: Otorhinolaryngology and Audiology Clinic of the tertiary university , October 2017-September 2018. Participants:
Patients diagnosed with peripheral vertigo included prospectively and consecutively in the study. Main outcome measures:
Demographic characteristics of the patients and pathological SCC detected by examination and diagnostic maneuver for BPPV
patients were recorded. Vestibulo-ocular reflex (VOR) gain was calculated in all patients and all six SCCs. Two sub-study
groups were formed according to age (<50 or >50). Also VOR gain detected for BPPV, Vestibular neuritis (VN), and Meniere’s
disease (MD). Results: 74 (82.2%) of the patients were Benign paroxysmal positional vertigo (BPPV), eight (8.9%) of patients
were vestibular neuritis (VN), and eight (8.9 %) of them were Meniere’s disease (MD). Pathological deficiency of VOR for
SCCs was detected in 49 of 74 (66.2%) patients with BPPV, all eight patients with VN (100%), and four of eight patients with
Meniere’s disease (50%). The sensitivity and specificity calculated as 55.4% and 81.2% for BPPV patients. Conclusions: vHIT
is a new protocol and provides objective findings for SCC functions in patients with peripheral vertigo. vHIT can be performed
faster and easier than the caloric stimulation test for VN diagnosis with comparable results. However, vHIT does not provide

sufficient results for BPPV to distinguish from other peripheral vestibular system diseases.

Key Points

1- vHIT provides objective findings for SCC functions.

2- vHIT can be performed faster and easier than the caloric stimulation test.

3- The test may help for differential diagnosis of acute vertigo.

4- vHIT is recommended as an important diagnostic test for Vestibular neuritis and Meniere’s disease.
5- vHIT does not provide specific information for benign paroxysmal positional vertigo.
Introduction

Benign paroxysmal positional vertigo (BPPV) is the most common pathogenesis of peripheral vertigo, and
semicircular canal (SCC) involvement and underlying pathophysiologic mechanisms determine the direction
and characteristics of nystagmus [1]. Meniere’s disease is an internal ear disease that courses with spontaneous
vertigo attacks, fluctuating sensorineural hearing loss, ear fullness, and tinnitus [2]. Vestibular neuritis (VN)
is selective, acute, or subacute inflammation of the vestibular nerve. Mostly superior branch of vestibular
nerve is affected and dysfunction of these fibers arises [3].



Video head impulse test (vVHIT) is a new and important physiological test to detect the gain of the vestibulo-
ocular reflex (VOR) for each semicircular and finds out overt and covert catch-up saccades with the head
impulse and gaze deviation [4, 5]. Although the caloric test is the gold standard in the diagnosis of peripheral
vestibular diseases, vHIT is a simple and fast test, it does not cause nausea and discomfort in the patient,
and provides a separate evaluation for each SCC [5, 6]. While vHIT is recommended as an important
diagnostic test for VN and MD in the literature, it has been reported as unnecessary and unfavorable in
BPPV patients[5, 7]. However, there are a few clinical studies not including the detailed analysis of BPPV
patient’s findings. The information for vHIT results for BPPV in the literature was generally derived from
the results of a group of patients with acute or peripheral vertigo.

Material and Methods

Patients were included prospectively and consecutively in the study. The study was conducted in the
Otorhinolaryngology and Audiology Clinic of the tertiary university hospital between October 2017 and
September 2018. Demographic characteristics of the patients and pathological SCC detected by examination
and diagnostic maneuver for BPPV patients were recorded. VOR gain was calculated in all patients and all
six SCCs. Two sub-study groups were formed according to age (<50 or >50). The study was prepared with
the reporting guideline of the STROBE checklist.

Inclusion: Only patients with complaints of acute onset vertigo (<5 days) were included in the study. The
diagnosis of BPPV was made by examination, clinical history, clinical head impulse test (cHIT), and Dix
Hallpike maneuver for vertical SCCs and examination, clinical history, clinical head impulse test (cHIT), and
roll test for the lateral SCC. Vestibular Neuritis was diagnosed by medical history, physical examination,
and caloric tests. The final diagnosis in VN patients was made by caloric test (irrigation of each ear with
water at a temperature of 30 and 44 °C) A 20% difference calculated by Jongkees formula between the ears
was accepted a pathological response. Meniere’s disease (MD) diagnosis was made in accordance with the
diagnostic criteria of AAO-HNS Committee on Hearing and Equilibriumm Meniere’s Disease [8].

Exclusion: The patients with immunocompromised conditions, autoimmune system diseases, malignancy,
history of ear surgery, history of migraine, and history of antivertigo drugs in the last two weeks excluded
from the study. Patients who did not receive the three diagnoses included in this study during or after the
study protocol and the findings of these patients were not included in the final analysis.

vHIT protocol : Initially, the physiological lower limit of VOR gain was determined in 20 healthy parti-
cipants and recorded by the instrument (Fig. 1) . The accepted lower value of VOR gain determined as
0.9 for the lateral SCCs and 0.7 for vertical SCCs. vHIT protocol of Micromedical Technologies Company’s
VisualEyes Four-Canal-Videonystagmography (VNG) instrument was used for the test. This test consists of
3 parts. The first part is Lateral (Left Lateral: LL - Right Lateral: RL) test which is used for examination
of lateral SCCs (LSCC). The second and third parts are RALP (Right Anterior : RA - Left Posterior: LP)
and LARP (Left Anterior: LA - Right Posterior: RP) tests which are used for examination of vertical canals.
During the test, fast pushing force is applied to patient’s head with approximately 20deg-30deg angle by
audiologist /physician according to SCCs canal axis. Patients were asked to unloose her/his head, not to
contract trapezius muscle and not to turn her/his eyes away from the point adjusted on the wall in 1.5-meter-
distance from the patient. For each canal, at least 10-15 head push movements were applied. Lateral, RALP,
LARP parameters of all patients were evaluated and VOR gains for six SCCs were determined separately.
As a result of VHIT implemented on 20 normal patients, standard VOR values were priorly recorded by the
instrument. Normal standard lower value of VOR was accepted as 0.92 for lateral canal and 0.74 for vertical
canals. Based on these values VOR, gain values of patients were examined.

Statistical Analysis: Data for the study were deposited with an electronic file. The findings analyzed by
the SPSS 22.0 (SPSS Inc., Armonk, NY) software system. The normality assumption was measured by the
Kolmogorov Smirnov test. Categorical variables were compared with the chi-square test, and scale variables
were compared with the Kruskal-Wallis test. Sensitivity and specificity were calculated for all and each SCCs
causing BPPV. Results with a significance coeflicient of p>0.05 will be considered statistically significant.



Ethics Committee Approval: Verbal and written consent was obtained after all participants were in-
formed. All procedures performed in studies involving human participants were following the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Results

90 patients were included in the study. 74 (82.2%) of the patients were Benign paroxysmal positional vertigo
(BPPV), eight (8.9%) of patients were vestibular neuritis (VN), and eight (8.9 %) of them were Meniere’s
disease (MD). 54 (60%) patients were female and 36 (40%) of them were male. 40 (44.4%) of the patients
were under 50 years old and 50 (55.6%) patients were older than 50 years. VOR gain loss was detected in 61
of 90 patients (67.8%) according to vHIT. Pathological deficiency of VOR for SCCs was detected in 49 of 74
(66.2%) patients with BPPV, all eight patients with VN (100%), and four of eight patients with Meniere’s
disease (50%) (Table 1). 40 (44.4%) of the patients were under 50 years old and 50 (55.6%) patients were
older than 50 years. While SCC pathology was detected in 25 of 36 male (69.9%) it was detected in 36 of 54
female (66.6%) patients. There was no significant difference between genders for the rate of SCC with VOR
gain deficiency (p= 0,192), (Table 2) .

According to caloric stimulation, an average of 54.5+-10.6% decrease in response was detected in VN patients.
VOR gain deficiency was detected in all eight patients with VN. There were three (37.5%) patients with
both RL and RA involvement (Fig. 2) , three (37.5%) patients with RL, one (12.5%) patient with RP,
and one(12.5%) patient with both LL and LP involvement. The average VOR gain value was 0.77+4-0.03
for lateral SCCs and 0.65+-0.11 for vertical SCCs. VOR gain loss was detected in 4 of eight (50%) patients
with Meniere’s disease in vHIT (RL=2, LL=2). The average VOR gain value is calculated as 0.66+-0.05 in
pathological lateral SCCs. The average VOR gain value was 0,74 +-0,08 in BPPV, 0.65+-0.11 in VN, and
0.66+-0.05 in MD (p=0.253, Kruskal-Wallis test).

According to physical examination and diagnostic maneuvers, BPPV was most caused by LP SCC (n= 27,
36.4%), and at least by RA SCC (n=2, 2.7%). According to vHIT, RL SCC (average VOR= 0,76+-0,08)
involvement was detected 26 (35.1%) patients with BPPV . LP SCC (average VOR= 0,73-+-0,09) involvement
was detected in 11 (14.8%) patients, and LA SCC (average VOR= 0,34-0,17) involvement was in 4 (5.4%)
patients(Fig. 3) . The sensitivity and specificity calculated as 55.4% and 81.2% for all BPPV patients. The
highest sensitivity rate was found for LA and RA SCC (100%), while the highest specificity was calculated
for RL SCC (22.5%). VOR gain deficiency was detected in 15 (20.2 %) patients in one or more SCCs in the
BPPV group. Both LL and LA SCCs involvement found in 3 (20%) patients most frequently (Table 3).

Discussion

Although SCC channel VOR gain values were shown in BPPV patients in the study, demonstrating that
SCC VOR gain values returned to normal after medical treatment or canalith repositioning procedures
could increase the validity of this study for BPPV. In addition, vHIT protocol performed after making a
definite diagnosis with an examination and medical history. Also, the clinician performing the vHIT test
was a member of the clinician group conducting the study protocol so this increases the risk of bias since of
unfavorable blindness.

The most common cause of vertigo is BPPV and is mostly caused by posterior SCC in this study and as
the literature indicates [1]. Although 40% of BPPV rates originating from lateral SCC have recently been
mentioned, this rate is around 20% in studies with a large number of participants and there is no prevalence
study in recent literature [9, 10]. In some studies, the variability of these rates has been attributed to the
missed diagnosis of LSCC-induced BPPV due to the high spontaneous recovery rates [11-13]. Clinically
in this study, BPPV was most commonly caused by posterior SCCs (PSCCs) (n=49, 66.2%), and LSCCs
involvement were detected in 20 (27.2%) patients. Pathological VOR gain values are detected in 20 (27%)
patients for PSCC and in 36 (48.6%) patients for LSCCs. The clinical findings in our study are compatible
with the literature, but according to the vHIT test results, LSCCs participation is higher than the rates
mentioned in the literature.



Mahringer et al. [6]. found the sensitivity and specificity as 93% and 72% in acute cases (n = 49, onset <5
days), 59% and 93% in other cases (n= 123) for vHIT compared to clinical diagnosis. A total of 42 (34%)
patients with BPPV were included in this study, and vHIT was found to be positive in 25.7% of BPPV
patients in the acute phase. The sensitivity and specificity for BPPV were not calculated separately [6].
Guan et al. [14] reported that VOR gain values were statistically significantly lower in the acute vertigo
group (n= 96, onset <7 days), which included 43 BPPV patients, compared to normal participants (n=>50).
In this study, VOR gain values were found to be significantly lower in the VN group compared to the acute
vertigo group. The sensitivity and specificity for BPPV were not calculated in this study. Additionally,
for VN, sensitivity and specificity were reported as 87.9% and 94.8% among all patients [14]. In this study
sensitivity and specificity found to be 55.4% and 81.2% for all BPPV patients. The results are lower than the
rates reported in other peripheral vestibular diseases in the literature. Recent literature does not recommend
vHIT testing for the diagnosis of BPPV patients, so there are no detailed results specific to BPPV patients
and comparative analysis is difficult [5, 7]. The highest sensitivity rate was found for LA and RA SCC
(100%), while the highest specificity was calculated for RL SCC (22.5%). However, the reliability of these
results is low due to the small number of cases for each SCC.

Blodow et al. [15] detected average VOR gain value as 0,96+-0,08 on the right and 0.97+- 0,.09 on the
left in VHIT. They accepted the VOR gain below 0,79 as pathological for LSCC. The average VOR gain of
pathological LSCC was detected by 0.44+4- 0.20 in all patients (n=117). This value was detected 0.43+-0.20
in patients with vestibular neuritis (52) and 0.60-+- 0.20 for Meniere’s disease (n= 22) [15]. In our study,
the average VOR gain value was 0,74 +-0,08 in BPPV, 0.65+-0.11 in VN (LSCC), and 0.66+-0.05 in MD
(p=0.253). Both accepted threshold and deficient VOR gain for VN and MD similar in analogous studies
[16-18]. Mitoriski et al. [19] found the rate of 2 or more SCC involvement as 17.8% in 73 patients with no
final diagnosis. Also, these findings are consistent with the rates in our study, VOR gain deficiency was
detected in 15 (20.2 %) patients in one or more SCCs in the BPPV group.

Clinical findings in this study coincide with the literature in patients with peripheral vertigo, but the vHIT
protocol is inconvenient for differentiating patients with a diagnosis of BPPV or determining the specific
SCC involvement. Korsager et al. [20] reported abnormal high gain values in vHIT caused by technical error
as hand position, head rotation speed of the operator, tightly or loosely fastened device, distance from the
wall, unsuitable calibration.

The inconvenience of vHIT test in the diagnosis of BPPV may be due to the reasons listed above, but our
final conclusion is parallel with the literature [21]. VOR gains obtained vHIT protocol does not work for
BPPYV. Also, the clinically detected responsible SCC does not accurately represent by vHIT. In accordance
with the literature, vHIT is a fast, simple, and comfortable test in the differential diagnosis of peripheral and
central vertigo. The diagnostic value of vHIT in VN and DM has been accepted in the literature. Also, vHIT
seems an optimal option for demonstrating peripheral vertigo in patients complaint of acute vertigo, and
when supported by clinical information and physical examination, can assist the clinician in the definitive
diagnosis.

Conclusion

Physical examination and medical history are still the first steps in the definitive diagnosis of peripheral
vertigo. vHIT is a new protocol and provides objective findings for SCC functions. vHIT can be performed
faster and easier than the caloric stimulation test for VN diagnosis, and its results are comparable to the
caloric test. However, a negative vHIT test may help early diagnosis of central etiology in patients presenting
with acute vertigo. VHIT does not provide sufficient results for BPPV to distinguish from other peripheral
vestibular system diseases or does not indicate the involvement of the responsible SCC.
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Table 1 Pathological SCCs involvements according to patient groups

Pathological VOR Normal VOR Total Average VOR Gain* p™T

BPPV 49 25 74 0,76+0,08 0.253
Vestibular Neuritis 8 0 8 0.71£0.11
Meniere’s Disease 4 4 8 0.6640.05

BPPV: Benign paroxysmal positional vertigo VOR: Vestibulo ocular reflex: SCC: Semicircular canal.
*Calculated for pathological SCC.
TKruskal-Wallis test

Table 2 Pathological semicircular canals involvement according to sex and age groups.

Pathological VOR Normal VOR Total p

Female  Age [?] 50 22 7 29 0.289
Age > 50 years 14 11 25
Total 36 18 o4

Male Age [?] 50 9 2 11 0.501
Age > 50 16 9 25
Total 25 11 36

Total Age [?7] 50 31 9 40
Age > 50 30 20 50
Total 61 29 90

p=0.192

VOR: Vestibulo ocular reflex

Table 3 SCCs involvement according to clinical examination and vHIT test for BPPV

RL LL LA RP RA LP
Clinical 13 7 3 22 2 27
vHIT 26 10 4 9 ) 11
VOR Gain 0.76+0.08 0.73+0.09 0.3+0.17 0.47+0.17 0.424+0.17 0.15+0.15
Sensitivity % 92.3 85.7 100 36.3 100 37.0
Specificity %  22.5 5.9 14 1.9 4.1 2.1

SCCs: Semicircular canals, RL: Right Lateral, LL: Left Lateral, LA: Left Anterior, RP: Right Posterior ,



RA: Right Anterior, LP: Left Posterior, vHIT: Video head impulse test VOR: Vestibulo ocular reflex, BPPV:
Benign paroxysmal positional vertigo.

Figures
Figure 1 Video head impulse test report of all semicircular canals in normal values.

Figure 2 Report of deficient vestibulo-ocular reflex gain for right lateral and right anterior semicircular
canal due to Vestibular neuritis.

Figure 3 Report of deficient vestibulo-ocular reflex gain for right lateral semicircular canal.
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