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Cervical vestibular-evokedmyogenic potentials in patients withmultiple
sclerosis: sensitive in detecting brainstem involvement?
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Abstract
Cervical vestibular-evoked myogenic potentials (cVEMPs) are accepted to demonstrate the vestibulo-collic reflex. However, the
brainstem pathway is still not fully understood. The aim of the study was to evaluate the contribution of cVEMPs to detection of
brainstem involvement in multiple sclerosis (MS). Thirty patients fulfilling the criteria for definite MSwere included in the study.
All were newly diagnosed cases, admitted due to an attack with active lesions on MRI. Thirty-one age- and sex-matched healthy
controls constituted the control group. The latencies of peaks p13 and n23 and peak-to-peak amplitude of p13–n23 were
measured. Brainstem lesions on MRI were present in 13 of the patients (43.4%). Comparison of the overall results recorded
from patients with the healthy controls did not reveal a statistically significant difference in any of the parameters studied
(p > 0.05). A significant inter-side difference was not also present between groups (p > 0.05). When p13 and n23 latencies
exceeding 2.5 standard deviations (SD) were taken into consideration, it was seen that there were seven patients (23.3%) with
prolonged latencies mainly involving the p13 peak. Five of them had brainstem signs on examination and had brainstem lesions
onMRI. In the other eight patients with abnormal MRI, normal results were recorded indicating that in only 38% of patients with
brainstem lesions, cVEMPswere altered. Absence of a correlation between cVEMPs and brainstem clinical orMRI lesions defies
their role in identifying lower brainstem involvement.
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Vestibular-evoked myogenic potentials (VEMPs) are used to
assess the otolithic pathways [1–8]. Cervical VEMPs
(cVEMPs) are inhibitory electrical potentials generated after
a sound stimulus (clicks or pure tones), originated in the sac-
cule, and conducted by the lower portion of the vestibular
nerve all the way to the central nervous system (CNS), gener-
ating inhibitory electrical responses picked up by electrodes
placed on the sternocleidomastoid muscle (SCM) and demon-
strate the vestibulo-collic reflex [2].

VEMPs have particularly been studied in the differential
diagnosis of peripheral vestibular lesions involving vestibular
neuritis, benign paroxysmal positional vertigo, Meniere’s dis-
ease [9], bilateral vestibulopathy, or vestibular schwannomas
[3]. Although it is known that lesions of the brainstem also

lead to VEMP alterations [10], the brainstem pathway of
VEMPs is still not fully understood. Previous studies involv-
ing circumscribed brainstem lesions [10, 11] have shown that
VEMPs may be a useful diagnostic tool to identify lower
brainstem lesions especially in the lateral lower pons and the
upper medulla oblongata. However, rostral brainstem infarc-
tions up to the mesencephalon have also been reported to
impair cVEMPs suggesting descending modulatory pathways
for cVEMPs in the brainstem [12].

The aim of the study was to evaluate the contribution of
VEMPs to detection of brainstem involvement in multiple
sclerosis (MS).

Material and methods

Thirty patients fulfilling the criteria for definite MS according
to the revisedMcDonald’s criteria [13] with normal audiomet-
ric testing and no previous history of a peripheral vestibular
disorder were included in the study. Thirty-one age- and sex-
matched healthy controls constituted the control group.
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Approval from the ethics committee of Ege University
Medical School was obtained, and all the patients gave their
written informed consent for the procedure. Brain MRI scans
were performed in all patients during the study to check the
presence of brainstem lesions.

cVEMPs were recorded by using a Synergy device
(Medelec; Oxford Instruments Medical Inc., UK). To record
the surface EMG activity, an active electrode was placed on
the upper half of the sternocleidomastoid muscle (SCM) ipsi-
lateral to the stimulation, with the reference electrode placed on
the upper third of sternum and the ground electrode on the
middle of the forehead. Patients were seated on an armchair
and were asked to turn their head contralaterally to the ear being
tested to achieve maximal activation of the SCM. Two stimu-
lation sequences consisting of 100 sound stimuli were given.
The acoustic stimuli were clicks at an intensity of 100 dBnHL
(normal hearing level) of 0.1-ms duration, delivered at a fre-
quency of 5 Hz through a headphone unilaterally to each ear.
The EMG signal was bandpass filtered from 10 to 1000 Hz and
averaged during a 100-ms interval. The amplifier gain of the
recording system was 2000. Initial positive/negative polarity of
the waveform with peaks was termed p13 and n23 on the basis
of respective latencies. The latencies of peaks p13 and n23 and
peak-to-peak amplitude of p13–n23were measured. To achieve
independence from the level of background activation, the am-
plitude of the VEMPs was expressed as the ratio of peak-to-
peak amplitude divided by a mean prestimulus-rectified EMG
measured during the recording [3].

Inter-side differences, defined as the ratio between the dif-
ferences of the corresponding parameters measured from the
right and the left SCM and the mean of these two values, were
also studied.

SPSS 23 (IBM Corporation, Armonk, New York; USA)
was used for the statistical analyses. Regarding numerical data
conforming normal distribution, arithmetic mean, standard
deviation, and 95% confidence intervals (CIs) were used.
Independent samples T test was used to compare means.
Mann–Whitney U test was used to compare inter-side differ-
ences of the patients with the healthy controls that did not
confirm normality. Significance was assumed at p = 0.05.

Results

The MS group consisted of 18 women and 12 men with a
mean age of 30 years (range 18–45 years). There were 19
women and 12 men with a mean age of 30 years (range 19–
48 years) within the control group. All the MS patients were
newly diagnosed cases defining neurological symptoms be-
ginning within the last year, admitted due to an attack with
active lesions on MRI. On examination, brainstem signs were
present in eight patients (26.7%), ataxia in three, internuclear

ophthalmoplegia in two, facial hypoesthesia on one side in
two, and gaze-evoked nystagmus in one.

Brain MRI scans performed during the study showed that
brainstem lesions were present in 13 of the patients (43.4%).

cVEMPs were recorded from both sides in all healthy sub-
jects and patients. For the healthy controls, right-sided p13
and n23 latencies and amplitude ratios were 12 ± 0.9 ms,
20.6 ± 1.95ms, and 7.7 ± 3.1, respectively. These figures were
12.1 ± 0.9 ms, 20.76 ± 1.6 ms, and 7.6 ± 3.0 for the left side. In
MS patients, right-sided p13 and n23 latencies and amplitude
ratios were 12.9 ± 2.1 ms, 21.2 ± 1.78 ms, and 7.1 ± 2.8, re-
spectively. These figures were 12.9 ± 2.2 ms, 21.4 ± 2.1 ms,
and 7.0 ± 2.5 for the left side (Table 1, Figs. 1 and 2). When
the results recorded from patients with MS were compared
with the results of the healthy controls, statistically significant
difference could not be noted in any of the parameters taken
into consideration (p > 0.05). Inter-side difference for p13 and
n23 latencies and amplitude ratios of the patients and healthy
controls is given in Table 2. No significant difference between
groups was present regarding any of the parameters (p > 0.05).

However, as the p values gathered by comparison of the
p13 latencies of the healthy controls and MS patients were
0.052 for the right and 0.057 for the left side, latencies exceed-
ing 2.5 standard deviations (SD) were also studied. There
were seven patients (23.3%) with prolonged latencies (bilat-
eral in four and unilateral in three). It was interesting that n23
latencies were prolonged in just two of these seven patients
with prolonged p13 latencies, one unilaterally and one bilat-
erally. None of the healthy controls had p13 and n23 latencies
exceeding 2.5 SD.

In seven patients with prolonged latencies, five were
admitted with signs of brainstem involvement on exam-
ination (two ataxia, two facial hypoesthesia, and one
gaze-evoked nystagmus) and had brainstem lesions on
MRI (unilateral inferior cerebellar peduncle in two, bi-
lateral pons and medulla in one, unilateral pons in one,
and unilateral medulla in one). Figure 3 shows bilateral
delayed p13 and n23 potentials in a patient with left
pontine lesion. The other two patients with prolonged
latencies did not have brainstem lesions on MRI. One
had optic neuritis and the other had paraparesis.

On the other hand, in eight patients with brainstem lesions
onMRI, cVEMPs were normal indicating that cVEMP abnor-
mality in patients with brainstem lesions was 38.5% (5/13). In
three of the eight patients with abnormal MRI and normal
cVEMP, brainstem signs were present on examination; two
had internuclear ophthalmoplegia and one had ataxia.
Figure 4 shows normal cVEMP responses gathered from a
patient with multiple brainstem lesions on MRI. Table 3 sum-
marizes the clinical features and the VEMP results of patients
with brainstem lesions on MRI.

Comparison of the p13 and n23 latencies and amplitude
ratios recorded from patients with and without brainstem
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lesions on MRI did not reveal a significant difference
(p > 0.05) (Table 4).

Discussion

There are several studies on VEMPs in multiple sclerosis
[14–25]. The diagnostic sensitivity of the test in these studies
varies between 18 and 70%. Sartucci and Logi [14] have
found delayed p13 latency in 53.3% of their MS patients.
Versino et al. [15] have reported abnormal VEMPs in 31%
of their MS patients and in 11.8% abnormality concerned
latencies. Reduction of p13–n23 amplitude was the main ab-
normality. Bandini et al. [16] studied patients with and without
brainstem involvement and reported delayed p13 latencies in
62% and delayed n23 latencies in 31% of their patients with
brainstem involvement. These figures were 25 and 1%, re-
spectively, in patients with normal brainstem on MRI. They
have reported that VEMPs are able to detect brainstem

dysfunction in MS patients with normal MRI. They have also
reported a good correlation of p13 latency with the clinical
severity of the disease. Alpini et al. [17] have reported abnor-
mal VEMPs in 70% of their patients. Patko et al. [18] have
found absent responses, longer latencies, and lower ampli-
tudes in their MS patients significantly related with brainstem
lesions. Eleftheriadou et al. [19] have reported p13n23 abnor-
mality in 50% of their patients; in 32%, no brainstem lesions
were present on MRI. Gazioğlu and Boz [20] have studied
both ocular and cervical VEMPs and have found that n1 la-
tency of ocular vestibular-evoked myogenic potentials
(oVEMPs) and p1 latency of cVEMPs were prolonged in
MS patients and were significantly correlated with
Expanded Disability Status Scale. However, the correlation
with brainstem clinical or MRI lesions was not significant.
An abnormality rate of 18% has been reported for cVEMPs.
Ivankovic et al. [21] reported oVEMP abnormality in 37.5%
and cVEMP abnormality in 31% of their patients. Brainstem
involvement on MRI was present in 43.8%. No correlation

Fig. 1 Bar graph of the p13 and
n23 potential latencies recorded
from the healthy controls and MS
patients

Table 1 p13 and n23 potential
latencies and amplitudes recorded
from the healthy controls and the
patients

p13 latency (ms) n23 latency (ms) Amplitude

Right Left Right Left Right Left

HC 12 ± 0.9 12.03 ± 0.96 20.6 ± 1.95 20.76 ± 1.63 7.7 ± 3.1 7.6 ± 3.0

MS 12.9 ± 2.1 12.9 ± 2.2 21.2 ± 1.78 21.4 ± 2.1 7.1 ± 2.8 7.0 ± 2.5

p 0.052 0.057 0.17 0.23 0.39 0.38

HC healthy controls, MS multiple sclerosis, p p values gathered by comparison of the healthy controls with MS
patients
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between the study variables has been reported. Garcia et al.
[22] have found increased p13 and n 23 latencies. However, a
correlation with the clinical findings and abnormal VEMP
responses was not present; patients with clinical signs and
symptoms and abundant MRI lesions had normal VEMP re-
sults whereas asymptomatic patients with few lesions on im-
aging showed greatly altered potentials. Güven et al. [23] have
reported 48% ofMS patients had VEMP abnormalities seen as
absent responses and/or prolonged latencies and have reported
that n1 latency prolongation was significant in MS patients
with brainstem lesions on MRI.

In two studies, one dealing with clinically isolated syn-
drome [24], a VEMP score derived from the evaluation of
oVEMP and cVEMP latency, amplitude, and morphologies
has also been used [24, 25]. In patients with clinical signs of
brainstem involvement, VEMP score has been reported to be
higher and correlated with disability and disease duration [25].

In the study on clinically isolated syndrome, dominant hand
function was found to be correlated with oVEMPs [24].

In our study, brainstem lesions on MRI were present in 13
patients (43.4%). The overall comparison of the p13 and n23
latencies and amplitude ratios of the patients and the healthy
controls did not reveal a significant difference (p > 0.05).
Inter-side difference for all the parameters recorded from the
patients was not also different from the healthy controls
(p > 0.05).

However, as the p values gathered by comparison of the
p13 latencies of the healthy controls and MS patients were
0.052 for the right and 0.057 for the left side, latencies exceed-
ing 2.5 standard deviations (SD) were also studied and seven
patients (23.3%) with prolonged latencies were found. The
main abnormality was the delay of the p13 potential recorded
bilaterally in four and unilaterally in three patients. n23 laten-
cy prolongation was present unilaterally in one and bilaterally
in one of these seven patients. This finding is in accordance
with some previous studies reporting mainly delayed p13 la-
tencies [14, 16, 20]. In five of the seven patients with abnor-
mal cVEMPs, clinical signs of brainstem involvement as well
as brainstem lesions on MRI were present. The other two
patients with delayed latencies had no brainstem lesions on
MRI. One had optic neuritis and the other had paraparesis.

On the other hand, in eight patients with brainstem lesions
on MRI, cVEMPs were normal. In three of them, brainstem
signs were present on examination; two had internuclear
ophthalmoplegia and one had ataxia.

Comparison of the p13 and n23 latencies and ampli-
tude ratios recorded from patients with and without

Fig. 2 Bar graph of the p13 and
n23 potential amplitudes recorded
from the healthy controls and MS
patients

Table 2 Inter-side differences recorded for p13 and n23 latencies and
amplitudes recorded from the healthy controls and the patients

p13 latency n23 latency Amplitude
Median (min–max) Median (min–max) Median (min–max)

HC 0.061 (0.000–0.238) 0.057 (0.000–0.237) 0.077 (0.000–0.437)

MS 0.095 (0.009–0.497) 0.063 (0.000–0.353) 0.092 (0.019–0.688)

p 0.074 0.627 0.224

p p values gathered by comparison of the healthy controls with MS
patients, HC healthy controls, MS multiple sclerosis
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brainstem lesions on MRI did not reveal a significant
difference as well (p < 0.05). These results are similar
with the results of Gazioğlu and Boz [20], Ivankovic

et al. [21], and Garcia et al. [22] who were also unable
to find a correlation between VEMPs and brainstem
clinical or MRI lesions.

Fig. 4 Bilateral normal cVEMP responses in a patient with scattered bilateral pontine and medullary high-signal lesions on sagittal fluid-attenuated
inversion recovery (FLAIR) sequence of MRI

Fig. 3 Bilaterally delayed cVEMP responses in a patient with a left pontine high-signal lesion on sagittal fluid-attenuated inversion recovery (FLAIR)
sequence of MRI
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Three previous studies on MS have taken brainstem audi-
tory evoked potentials (BAEPs) into consideration in addition
to VEMPs [14, 15, 21]. It was Sartucci and Logi [14] who
reported BAEP and VEMP abnormalities in 53.3% of their
MS patients. However, the study involved just 15 individuals.
Versino et al. [15] reported BAEP abnormalities in 38%,
Ivankovic et al. [21] in 21.9% of their patients. cVEMP ab-
normalities were present in 31% in both studies [15, 21]. A
correlation between BAEP and VEMP abnormalities could
not be detected [14, 15]. The occurrence of brainstem MRI
lesions did not correlate with the instrumental abnormalities as
well [15, 21].

According to the abovementioned data, we can say that
studying cVEMPs in MS is not a sensitive way of
documenting brainstem involvement. Prolonged latencies
mainly involving p13 were present in 23.3% of our patients.
Even in patients with brainstem lesions on MRI, cVEMPs
were found to be delayed in only 38%. Though reported to
be a useful diagnostic tool in identifying lower brainstem le-
sions especially involving the lateral lower pons and the upper

medulla oblongata [10, 11], of our eight patients with
brainstem involvement on MRI, six had pontine and medul-
lary lesions and still had normal cVEMPs. Studies involving
larger number of patients with brainstem lesions seem to be
essential in understanding the brainstem pathways for
cVEMPs.

Compliance with ethical standards Approval from the ethics committee
of Ege University Medical School was obtained, and all the patients gave
their written informed consent for the procedure.
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