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Abstract

Introduction: The aim of the present study was to evaluate cervical vestibular evoked myogenic potentials (CVEMPs) of
patients with vertebrobasilar insufficiency (VBI).

Methods: Patients with vestibular complaints who were referred to the vestibular center were evaluated. All patients under-
went a complete neurological examination, pure tone and speech audiometry, bithermal caloric test, Doppler ultrasonog-
raphy of the carotid and vertebral arteries, and bilateral cVEMP recordings. Thirty patients with VBI and 30 healthy controls
were included in the study. In the cVEMP test, latency and amplitude values of 95 dB were recorded.

Results: In the VBI group, the mean flow rate was 91.5+36.65 mL/min at the side of higher flow, whereas it was 74.83+34.75
mL/min at the side of lower flow. In the control group, the mean flow rate was 151.5+26.62 mL/min at the side of higher
flow, whereas it was 140.5+33.69 mL/min at the side of lower flow. There was a statistically significant difference between
vertebral artery flow values between the VBI and control groups (p<0.001). The right and left P13 95 dB latency values in the
VBI (-) group were 13.224+0.21 ms and 13.22+0.21 ms, respectively, whereas those in the VBI (+) group were 16.15+0.11 ms
and 16.23+0.14 ms, respectively. The right and left N23 95 dB latency values in the VBI (—) group were 23.09+0.14 ms and
25.39+0.88 ms, respectively, whereas those in the VBI (+) group were 23.07+£0.14 ms and 25.71+£0.81 ms, respectively. The
right and left P13-N23 95 dB amplitude values in the VBI (—) group were 41.46+8.82 mV and 41.41+6.81 mV, respectively,
whereas those in the VBI (+) group were 24.81+3.36 mV and 24.11+2.09 mV, respectively. There was a statistically significant
difference between the VBl and control groups regarding latency and amplitude values at 95 dB nHL stimulation (p<0.001).
Discussion and Conclusion: We believe that VBI is associated with abnormal cVEMP responses. Further studies with larger
groups are needed to verify our findings.
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Cervical vestibular evoked myogenic potentials (CVEMPs)
are electromyographic responses of the sternocleido-
mastoid muscle (SCM) that appear following stimulation of
the saccule with electrical or acoustic stimuli ('],

Since central vestibular pathways also participate within
the vestibulocollic reflex arc, central nervous system dis-
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orders including multiple sclerosis, spinocerebellar degen-
eration, Parkinson’s disease, and brainstem infarction may
also change cVEMP results (241,

Vertebrobasilar insufficiency (VBI) was demonstrated to
play a role in the pathophysiology of labyrinthine dysfunc-
tion 151, VBI leads to inadequate blood flow in the verte-
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bral system that may lead to transient ischemic attacks [,
Although VBI has a diversity of clinical symptoms, vertigo
is the most common symptom 71, Electronystagmography
abnormalities including positional, headshake, oculomo-
tor, and caloric tests were demonstrated in patients with
VBI [8], On the other hand, cVEMP response changes were
reported in brainstem cerebrovascular events [3:910],

However, the effects of VBl on c¢VEMP results were not
previously examined. The aim of the present study was to
compare the cVEMP responses of patients with VBI with
those of healthy individuals and to establish the effects of
VBI on cVEMP.

Materials and Methods

A total of 130 patients with vestibular complaints who
were referred to our clinic were investigated. The complete
neurootological examination, cranial magnetic resonance
imaging, caloric, vertebrobasilar Doppler ultrasonography,
and cVEMP tests were performed for all patients. Thirty
healthy subjects were classified as the control group. The
study was approved by the local Ethics Committee (proto-
col no.: 465/11/04/2014). Informed consent was obtained
from all patients.

Exclusion criteria included any neurological and otologi-
cal disorders, hearing loss documented on pure tone au-
diometry, pathologic tympanogram, history of head and
neck trauma, chronic systemic diseases, use of medications
affecting the vestibular system, and the presence of any
vestibular disorder other than VBI. Owing to the higher in-
cidence of VEMP abnormalities in elderly people, subjects
aged >65 years were excluded from the study.

Doppler Sonography Measurements

Doppler sonography evaluation of vertebrobasilar artery
insufficiency was performed in a room temperature of
22 °C-24 °C and after an adaptation period for at least 15
min rest in supine position. Right and left vertebral arter-
ies (VAs) and internal carotid artery were examined with a
7.5-MHz linear array transducer of a Toshiba Nemio 20 sys-
tem (Toshiba Nemio 20; Toshiba Medical Systems, Tokyo,
Japan). The same operator performed scans. The patient’s
head was turned slightly to the opposite side each time.
Flow volume measurements were recorded in the C4 and
C5 segments of the VA and 1.5-2 cm from the carotid bifur-
cation. Cases with rates <200 mL/min total blood flow were
diagnosed with VBI. Each side was examined separately.
These patients' results were compared with healthy sub-
jects without VBI and classified as the control group.

cVEMP Recording

The test was performed by a single researcher in a quiet
room. Electrodes were placed on the forehead (ground
electrode), on the central parts of each SCM (active elec-
trodes), and on the sternal part of the SCM (reference elec-
trode). The measurements were obtained while the partic-
ipants were in the sitting position. Participants were asked
to contralaterally turn their heads to the stimulated ear and
to slightly tilt their heads forward to obtain sufficient mus-
cle contraction. Monaural stimuli were given, respectively,
to the right and left ears, and ipsilateral electromyographic
activity of the SCM was recorded. During the test, the im-
pedance of the electrodes was <500 Q. A tonal stimulus
(500 Hz) was administered to both sides (95 dB) to test for
cVEMPs in both ears. The cVEMP response (an initial positiv-
ity P13 followed by negativity N23) was recorded for each
test. P13-N23 interpeak latencies and amplitudes were
measured.

Stimulus Design and Recording Set-up

The cVEMP values were obtained from all participants using
bilateral air conduction tone bursts with stimulus frequen-
cies of 500 Hz to test the right and left ears. Calibrated ABR
3A insert earphones (maximum intensity level 100 dB nHL)
were used for stimulus transmission. The stimulus profile
was adjusted to produce a 2 ms rise, a 2 ms plateau, and a
2 ms fall time with a repetition rate of 5.1 Hz. A frequency
of 500 Hz was presented 50-150 times to obtain average
responses. A VEMP evoked potential system (Eclipse EP 25;
Interacoustics AS, Assens, Denmark) was used for cVEMP
recordings. Disposable silver/silver chloride electrodes (Safe
lead; Natus Neurology Incorporated, Middleton, WI, USA)
with an impedance of <3 kQ were used. An EMG feedback
system (Interacoustics Eclipse; Interacoustics AS) was used
for recording muscle responses between 50 and 200 pV.
EMG was amplified (60 dB) and bandpass filtered (10-750
Hz). Muscle responses were recorded from 10 ms before the
stimulus onset to 60 ms afterward. To improve reliability
and reduce interpatient variability, the test was performed
twice, and cVEMP amplitudes were normalized by dividing
raw amplitudes by the background EMG activity.

Statistical Analysis

When evaluating the findings obtained in the present
study, IBM SPSS Statistics 22 for statistical analysis (SPSS
IBM, Turkey) programs were used. Shapiro-Wilk test was
used to evaluate the normal distribution of the parame-
ters. Student’s t-test was used to compare descriptive sta-
tistical methods, as well as the two-group comparison of
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parameters with normal distribution in the comparison of
quantitative data. Data were expressed as mean, standard
deviation, and frequency. Mann-Whitney U test was used
to compare the two groups of parameters without normal
distribution. Paired sample t-test was used for the right
ear and left ear comparisons of quantitative data showing
normal distribution. Wilcoxon signed-rank test was used
to assess the without normal distribution of the right ear
and left ear comparisons. Continuity (Yates) correction was
used to compare qualitative data. A p-value <0.05 was con-
sidered statistically significant.

Results

There were 30 (15 male and 15 female) patients with VBI
and 30 (15 male and 15 female) controls. The mean ages
were 49+4.27 years for the patient group and 44.7+2.44
years for the control group. No statistical significance was
found in age and gender distribution between the groups
(p>0.05).
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The VA flow rate was higher at the right side in 16 pa-
tients, whereas it was higher at the left side in 14 patients
with VBI. Mean flow rate at the side of higher flow was
91.5£36.65 mL/min, whereas that at the side of lower flow
was 74.83+34.75 mL/min (Table 1).

In the control group, the higher flow rate was observed at the
right side in 17 subjects, whereas it was observed at the left
side in 13 subjects. Mean flow rate was 151.5+26.62 mL/min
on the side of higher flow rate, whereas it was 140.5+33.69
mL/min on the side of lower flow rate (Table 1).

There was a statistically significant difference between
high flow value and low flow value between the VBI (+)
group and VBI (-) group (p<0.001) (Table 1). Patients with
VBI were compared with controls; there was a statistically
significant prolongation of P13 and N23 latency values
(p<0.001) (Table 2). When patients with VBl were compared
with controls, there was a statistically significant decrease
in P13-N23 amplitude values (p<0.001) (Table 2).

Table 1. Vertebrobasilar artery flow averages and p-values in VBI (+) and VBI (-) groups

Vertebrobasilar arterial flow (mL/min) VBI (+) VBI (-) p
AveragexSD AveragexSD

High vertebrobasilar arterial flow 91.5+36.65 151.5+26.62 0.001*

Low vertebrobasilar arterial flow 74.83+34.75 140.5+33.69 0.001*

Student t-Test *p<0.05; VBI (+): Group of patients with vertebrobasilar insufficiency; VBI (-): Healthy control group without vertebrobasilar insufficiency; SD:

Standard Deviation; (ml/min): (millilitre/minute).

Table 2. The average P13-N23 latency values, average amplitude values and p-values in VBI (+) and VBI (-) groups

n Min-Max Average+SD (median)

Right latency P13 95 dB VBI (-) (ms) 30 13-14 13.22+0.21 (13.3)
Right latency P13 95 dB VBI (+) (ms) 30 16-16.25 16.15+0.11 (16.2)
p 0.001*

Left latency P13 95 dB VBI (-) (ms) 30 13-14 13.22+0.21 (13.3)
Left latency P13 95 dB VBI (+) (ms) 30 16-16.35 16.23+0.14 (16.3)
P 0.001*
Right latency N23 95 dB VBI (-) (ms) 30 23-23.67 23.09+0.14 (23)
Right latency N23 95 dB VBI (+) (ms) 30 23.67-27.6 25.39+0.88 (25.6)
P 0.001*

Left latency N23 95 dB VBI (-) (ms) 30 23-23.67 23.07+0.14 (23)
Left latency N23 95 dB VBI (+) (ms) 30 24.6-27.6 25.71+0.81 (25.6)
P 0.001*
Right amplitude 95 dB VBI (-) (mV) 30 24.25-64.3 41.46+8.82 (40.7)
Right amplitude 95 dB VBI (+) (mV) 30 16.15-29.78 24.81+3.36 (24.3)
p 0.001*

Left amplitude 95 dB VBI (-) (mV) 30 30.26-58.05 41.41+£6.81 (42.2)
Left amplitude 95 dB VBI (+) (mV) 30 20.19-29.79 24.11£2.09 (24.3)
P 0.001*

Wilcoxon Sign Test; *p<0.05; VBI (+): Group of patients with vertebrobasilar insufficiency; VBI (-): Healthy control group without vertebrobasilar
insufficiency; P13: The first positive peak wave; N23: The first negative peak wave; dB: decibel; SD: Standard Deviation; ms: milisecond; mV: microvolt.
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Discussion

Vertigo can cause many adverse effects on the social, emo-
tional, and job-related aspects of life. Among the causes
of central vertigo, vascular causes are the most common.
Diseases that may lead to central vertigo include poste-
rior inferior cerebellar artery syndrome, anterior inferior
cerebellar artery syndrome, superior cerebellar artery syn-
drome, insular infarct, cerebellar and brainstem hemor-
rhages, and transient ischemic attacks in the vertebrobasi-
lar system [10],

The vertebrobasilar artery system accounts for 20% of cere-
bral perfusion and provides vascular supply to both central
and peripheral vestibular organs ['1]. Disturbed circulation
of the vertebrobasilar system, known as VB, often results in
vertigo, which may be the early symptom of VBI before later
symptoms of stroke that occur in 28% of VBI cases 12, It of-
ten results in embolic events and less frequently as a result
of reduced flow vertebral and basilar arteries or branches
(131, The classic presentation of VBI includes episodic ver-
tigo with head motion, imbalance, dysarthria, hemiparesis,
ataxia and drop attacks, and sudden sensorineural hearing
loss [14131, Although audiovestibular symptoms can be the
first and sole clinical signs of VB, it can be easily misdiag-
nosed as the peripheral labyrinthine disorder and attrib-
uted to VBI vertigo [16],

Many different non-invasive imaging techniques can quan-
titatively assess the blood flow volume, but only sonog-
raphy and magnetic resonance imaging allow phase con-
trast flow quantification to assess individual vessels [17:18],
Doppler examination of extracranial arteries has become a
common and reliable tool in evaluating patients with VBI
suspicion 19201, American Academy of Neurology Doppler
ultrasound is a diagnostic tool for determining vascular
pathologies because of its high sensitivity and specificity
(211 In our study, we applied the Doppler ultrasound test
for patients with vertigo, and we performed the cVEMP test
for patients with VBI.

The cVEMP test evaluates the saccule-colic reflex way to
the lower brainstem [22], It is generated using a disynap-
tic pathway and beginning in the saccule after proceeding
along vestibular afferent fibers to the vestibular nuclei and
then through quickly conducting projections that synapse
with sternomastoid nuclei [23]. The test can be achieved
with tone burst and electrical and vibrational stimuli, but
mainly with click stimuli 241, In our study, we have used
the click stimulus, and the best responses in the frequency
range of 200-1000 Hz are obtained with click stimuli [2],
The test is performed at a range of 85-100 dB, and the best
response is 95 dB nHL [25], In the test, the saccule functions

are best evaluated at 500 Hz frequency 21, In our study, we
evaluated cVEMP responses at 500 Hz frequency and 95 dB
nHL stimulation in patients with VBl and controls.

Afferent fibers from the utriculi, saccule, and semicircular
channels at the ear reach the brainstem vestibular nu-
cleus in the central nervous system [27], The labyrinth is
more susceptible to atherosclerotic vascular diseases due
to the small size of the vasculature 28291 Whether the
labyrinthine system is affected by vascular pathologies can
be demonstrated by the cVEMP test, a non-invasive practi-
cal test 391, The cVEMP test can be used to diagnose various
central and peripheral vestibular diseases 39311, Delay in
latency in VEMP responses, fall in amplitudes, and loss of
amplitude are considered pathologic B, Abnormal VEMP
responses are obtained in the brainstem, retrolabyrinthine,
or labyrinthine pathologies 432, Chen et al. [33! detected
patients with cerebrovascular disease based on VEMP re-
sponses. A total of 3 out of 14 had normal latencies, an-
other 3 out of 14 had prolonged latencies, and 8 out of
14 had no response. Delayed vestibular evoked myogenic
potentials (prolonged latencies) indicate brainstem lesion,
especially in the vestibulospinal tract. We found especially
latency prolongation in the VBI group appropriate with the
literature.

Chuang et al.3% compared 26 patients diagnosed with con-
genital arterial hypoplasia and 26 healthy patients regard-
ing VEMP responses. Overall, 88.47% of patients with VA
hypoplasia (VAH) were found to have unilateral or bilateral
delayed VEMP responses. All 18 patients with VAH in the
right ear showed prolonged latencies on the ipsilateral side,
which may have been due to insufficient perfusion of the
vestibular system. In demyelination of the vestibulospinal
tract, the mean latencies of P13 and N23 are prolonged. Is-
chemic axonal damage results in segmental demyelination.
They asserted that a delayed response or absence of ipsilat-
eral VEMP could be attributed to “hypoperfusion” of the VAH.
VBI and VAH selectively might damage the sacculocollic/
vestibulospinal pathway because of its high energy require-
ment and lack of collateral circulation (341,

In the VBI group, we found latency prolongation and a de-
crease in amplitude values according to controls. VBI may
lead to repetitive hypoperfusion injury to corresponding
peripheral and central vestibular systems that may cause
abnormal cVEMP responses. A large-scale study is neces-
sary to establish the relationship between VBl and c¢VEMP
responses. Furthermore, other vestibular tests are needed
in addition to the cVEMP test that will reveal the clinical re-
sults of the effects of VBI on the vestibular system.
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Conclusions

We believe that is associated with abnormal cVEMP is a real entity
that deserves more attention. cVEMP may be an integral part of
the diagnosis and differential diagnosis of vertigo caused by VBI.
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