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Objective: Recently, it could be demonstrated that an increased intra-
cranial pressure causes a modulation of the air conducted sound evoked 
ocular vestibular evoked myogenic potential (oVEMP). The mechanism 
for this modulation is not resolved and may depend on a change of either 
receptor excitability or sound energy transmission.

Design: oVEMPs were elicited in 18 healthy subjects with a minishaker 
delivering 500 and 1000 Hz tone bursts, in supine and tilted positions.

Results: The study could confirm the frequency tuning of oVEMP. 
However, at neither stimulus frequency could a modulating effect of 
increased intracranial pressure be observed.

Conclusion: These data suggest that the observed modulation of the 
oVEMP response by an increased intracranial pressure is primarily due 
to the effect of an increased intralabyrinthine pressure onto the stiffness 
of the inner ear contents and the middle ear–inner ear junction. Future 
studies on the effect of intracranial pressure on oVEMP should use air-
conducted sound and not bone-conducted vibration.
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INTRODUCTION

Recently, ocular vestibular evoked myogenic potentials 
(oVEMP) have emerged as a tool for assessment of utricular 
function. They are short-latency myogenic potentials which can 
be elicited in response to vestibular stimulation, for example, 
by air-conducted sound (ACS) or bone-conducted vibration 
(BCV; reviewed in Kantner & Gürkov 2012). Otolithic affer-
ent neurons trigger reflexive electromyographic activity of the 
extraocular muscles which can be recorded beneath the eye 
contralateral to the stimulated ear by use of surface electrodes. 
The pathway from the human otolith organs to the extraocular 
muscles reflects the vestibulo-ocular reflex (Iwasaki et al. 2007; 
Rosengren et al. 2010). The oVEMP waveform begins with a 
negative peak with a latency of about 10 msec (n1), followed by 
a positive peak at about 15 msec (p1). Although a minor saccu-
lar contribution to the oVEMP cannot be excluded, it represents 
mainly a utricular function (Curthoys et al. 2012).

The diagnostic usefulness of oVEMP has been confirmed for 
the superior canal dehiscence syndrome, an inner ear disorder 
characterized by hypersensitivity to sound and vertigo attacks 
elicited by sound stimulation (Tullio-phenomenon; Janky 
et al. 2013). Furthermore, the frequency tuning characteristics 
of ACS oVEMP are a promising new vestibular test to detect 

endolymphatic hydrops in Menière’s disease (Jerin et al. 2014). 
OVEMP responses are very sensitive to changes in the position 
of the eye ball (Kantner & Gürkov 2014) and to changes of body 
position (Gürkov & Kantner 2013). Recently, it could be dem-
onstrated that an increased intracranial pressure (ICP) causes a 
modulation of the ACS evoked oVEMP (Jerin & Gürkov 2014), 
predominantly at lower stimulus frequency (Jerin et al. 2015). 
While a modulation of auditory function by increased ICP has 
been known for otoacoustic emissions (Deppe et al. 2013), this 
was the first evidence of a vestibular function test to be modu-
lated by ICP changes. However, it is not yet known whether the 
same effect would be observed when the oVEMP is not elicited 
by ACS but by BCV stimuli.

The mechanism for this modulation observed in ACS 
oVEMP may depend either on (1) a change in vestibular hair 
cell excitability by increased hydrostatic pressure (Düwel et al. 
2003) or (2) on a change in sound energy transmission into the 
vestibulum by outward displacement of the stapes footplate, 
similar to the condition of endolymphatic hydrops in Menière’s 
disease (Bouccara et al. 1998).

We therefore examined the effect of an elevated ICP condi-
tion on the oVEMP response to BCV stimuli. We hypothesized 
that the abovementioned mechanism (1) should also affect the 
BCV oVEMP, while mechanism (2) should not play a major 
role for the BCV oVEMP response during increased ICP.

MATERIALS AND METHODS

The study was conducted at a university medical centre 
and was approved by the local ethics committee (Protocol No. 
215-13). All subjects gave informed consent to the study. The 
study population consisted of 18 healthy volunteers. Of these, 
oVEMP could reproducibly elicited in 15 subjects, 9 males and 
6 females, age between 23 and 26 years, with no history of any 
audiovestibular disorder. Before testing, Weber and Rinne test 
as well as otoscopy were performed to exclude any conduc-
tive hearing loss. OVEMP were recorded using an Eclipse EP  
25 evoked potential system (Interacoustics AS, Assens, Den-
mark). A hand-held electromechanical vibrator (Minishaker 
4810, Brüel&Kjaer, Denmark) fitted with a short bolt termi-
nated in a plastic cap was used. The vibrator delivered a tone 
burst on the subject’s skull at Fz (midline of the hairline). The 
operator held the vibrator by hand, supporting its weight. The 
static force resulting from the weight of the hand-held min-
ishaker was 3 N. Calibration was performed with an artificial 
mastoid (Bruel & Kjaer Type 4930). Two stimulus frequencies 
were used: 500 and 1000 Hz. The input signal was amplified by 
a custom amplifier (PA 2718, Brüel&Kjaer, Denmark), the drive 
voltage was adjusted and fixed to produce a peak to peak force 
equivalent to 138 dB force level, with a measured force of 8.0 N 
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and a reference force of 1 µN. Averaging of the responses to 
100 stimulus repetitions, presented at a repetition rate of 5.1/s, 
ensured sufficient reproducibility. The EMG was band pass-
filtered (1500 Hz to 3.3 Hz 6/oct) and recorded from 20 msec 
before to 60 msec after stimulus onset. The active electrode was 
positioned inferior to the lower-lid margin and the reference 
electrode was placed 2 to 3 cm below on the cheeks. Imped-
ances were maintained below 3 kΩ. The oVEMP amplitudes 
were defined as the peak to peak difference between the n1 and 
the p2 peaks. Subjects were in a supine position during the mea-
surements. OVEMP were recorded in two conditions: (1) lying 
flat and (2) with the body elevated by 30 degrees with respect to 
the head, while maintaining a constant horizontal head orienta-
tion in both conditions, as previously described (Jerin & Gürkov 
2014). The tilt angle was controlled by an angle meter integrated 

into the tilt table. Based on the invasively measured data from 
Chapman et al. (1990), the dependence of the ICP on the tilt 
angle may be described as a linear function (ICP = a (sin α − 1)2 
− b, with α = tilt angle from the horizontal, a = 10.5 cm H

2
O and 

b = 0.81 cm H
2
O) in the range of 0 to 30 degrees (de Kleine et al. 

2000). We therefore expected an approximate increase in ICP 
from 10 to 22 cm H

2
O in response to the tilting maneuvre. Gaze 

position was controlled by a head-mounted laser beam gaze tar-
get, calibrated to an upgaze angle of 30 degrees, as previously 
described (Jerin et al. 2015). Pauses between single measure-
ments and randomization of the sequence of single measure-
ments were used to avoid confounding effects of fatigue. Data 
were analyzed with GraphPad PRISM software, using the non-
parametric Wilcoxon test for paired samples. A p value <0.05 
was considered statistically significant.

RESULTS

Fifteen subjects had reproducible oVEMP responses to BCV 
stimulation. In the baseline condition, the mean oVEMP ampli-
tudes were 23.04 µV for the 500 Hz stimulus and 12.72 µV for 
the 1000 Hz stimulus. In the 30-degree tilt condition, the mean 
oVEMP amplitudes remained stable at 23.13 and 13.37 µV 
for 500 and 1000 Hz, respectively (Table 1). Figure 1A shows 
oVEMP amplitudes (±SE) for the 500 Hz stimulus, Figure 1B 
shows oVEMP amplitudes (±SE) for the 1000 Hz stimulus. A 
representative example waveform of BCV and ACS oVEMP is 
shown in Figure 2.

DISCUSSION

Our results stand in contrast to the results obtained by a pre-
vious study with identical experimental tilting maneuvre (Jerin 
& Gürkov 2014) in a different study population by eliciting 
oVEMP with 500 Hz tone burst ACS during resting state and 
during elevated ICP. They found that increasing ICP signifi-
cantly and linearly reduces the oVEMP response to ACS. In their 
study, a tilt angle of 30 degrees leads to a decrease in 500 Hz 
ACS oVEMP amplitudes from 4.59 to 3.25 µV, corresponding 
to a 29% change. In accordance with previous studies on BCV 
oVEMP, the present data confirm the observed frequency tuning 
with the responses to 500 Hz stimuli resulting in about 1.8 times 
larger amplitudes than the responses to 1000 Hz stimuli.

However, in the present study, the BCV elicited responses to 
both frequencies, 500 and 1000 Hz, were not altered by the tilt-
ing maneuvre. The frequency tuning of BCV induced oVEMP, 
calculated as the ratio of the 500 Hz/1000 Hz responses was 
also unchanged by the tilting maneuvre. Therefore, the previ-
ously documented effect of increased ICP on the frequency 

TABLE 1. Effect of head-down tilt on bone-conducted vibration induced oVEMP

Stimulus Frequency

Condition

0 degree 30 degrees p

500 Hz 23.04 (±9.83) 23.13 (±10.4) 0.72
1000 Hz 12.72 (±6.45) 13.37 (±6.44) 0.15
p value (500 Hz vs. 1000 Hz) <0.0001 <0.0001
1000 Hz/500 Hz ratio 0.55 (±0.17) 0.57 (±0.13) 0.42

Results are shown as n10–p15 amplitudes in µV (mean ± SD). p value obtained from Wilcoxon paired samples test.
OVEMP, ocular vestibular evoked myogenic potential.

Fig. 1. A, Mean oVEMP amplitudes in µV (±SE) in 15 healthy subjects (30 
ears), in response to 500 Hz bone-conducted vibration. B, Mean oVEMP 
amplitudes in µV (±SE) in 15 healthy subjects (30 ears), in response to 1000 
Hz bone-conducted vibration. OVEMP, ocular vestibular evoked myogenic 
potential.
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tuning of the ACS elicited oVEMP response (Jerin et al. 2015) 
cannot be observed for BCV-elicited oVEMP. In concordance 
with the present study, a recent report comparing ACS and BCV 

stimuli at 500 Hz for their dependence on ICP changes found 
that 500 Hz ACS oVEMP are modulated by ICP, but 500 Hz 
BCV oVEMP are not (Gürkov et al. 2016).

Fig. 2. A, Example oVEMP waveform from one healthy subject, in response to 500 and 1000 Hz bone-conducted vibration. B, Example oVEMP waveform from 
one healthy subject, in response to 500 and 1000 Hz air-conducted sound. OVEMP, ocular vestibular evoked myogenic potential.
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An increase in ICP is transmitted to the inner ear labyrinth 
via the communication of the CSF space with the endolym-
phatic and perilymphatic spaces of the inner ear, the cochlear, 
and vestibular aqueducts. Otoacoustic emission recordings 
have shown that this equilibration takes approximately 30 sec 
(de Kleine et al. 2000). This functional connection between 
the CSF space and the labyrinth is thought to account for the 
various audiovestibular symptoms which occur in patients 
with elevated CSF pressure (e.g., idiopathic intracranial 
hypertension) and patients with abnormal patency of these 
communications (e.g., large vestibular aqueduct syndrome). 
The effect of increased ICP on the oVEMP response is in 
principle suitable as a basis to develop a VEMP-based 
method of noninvasively monitoring ICP over time in indi-
vidual patients. It may also be diagnostically useful in dis-
orders with a “third window lesion” between the labyrinth 
and CSF space, for example, superior canal dehiscence syn-
drome. Janky et al. (2015) addressed this possibility, and 
they could not find an additional diagnostic value for the tilt-
table oVEMP measurement. However, they used a different 
experimental set-up where the tilt maneuver comprised the 
whole body including the head and therefore changed the 
gravitoinertial orientation of the vestibular sensory macula; 
therefore, their data cannot be directly compared with the 
present study.

Taylor et al. (2014) explored effects of posture on oVEMP 
in a different set-up: They changed whole body/head position 
by stepwise moving the subjects within the roll plane around 
a full 360-degree rotation. This procedure led to a depres-
sion of both ACS and BCV oVEMP when the roll tilt angle 
exceeded 90 degree, that is, when the head was reaching an 
orientation below the horizontal. While this procedure also 
leads to increased ICP, the procedural differences prevent a 
direct comparison of these data with our data: Besides the use 
of different stimulus (broad spectrum click), their positioning 
maneuvre not only changed ICP but also the spatial orien-
tation of the head and the otolithic membranes with respect 
to gravity. A possible explanation that Taylor et al. offered, 
and that could explain this difference, is a possible modula-
tory effect of saccular afferents on the utricular afferents at 
the level of the vestibular nucleus, given that the head-down 
maneuvre of Taylor et al. gradually aligns the vertically ori-
ented saccular macula with the force of gravity where the 
mechanical loading on saccular hair cells is maximal, thereby 
potentially reducing the capacity for further hair cell dis-
placement by the stimulus.

Yet another maneuvre was used by Wang et al. (2014) to 
explore postural effects on oVEMP: They elicited ACS and 
BCV oVEMP in the sitting, the supine, and the supine-head-
hanging (neck extended) positions. The only significant dif-
ference in this set-up was between sitting and head-hanging 
positions for the BCV oVEMP, with the latter position yielding 
slightly larger amplitudes than the former (mean 15.9 versus 
13.8 μV). Again this procedure induced changes of both param-
eters, the spatial orientation of the head and the elevation of the 
head relative to the body. In contrast, our set-up was designed to 
keep the spatial orientation of the head constant and to increase 
the ICP by only changing the relative elevation of the head ver-
sus the body.

In summary, our data suggest that the observed modula-
tion of the oVEMP response by an increased ICP is primarily 

due to the effect of an increased ILP onto the stapes footplate 
and an increased stiffness of the inner ear contents and the 
middle ear–inner ear junction. It is rather unlikely that the 
effect is mediated via a pressure-dependent change of ves-
tibular receptor excitability, because this would be expected 
to occur during stimulation with both ACS and BCV. Further-
more, these results suggest that future studies on the effect of 
ICP on oVEMP should use ACS and not BCV as a stimulus 
to evoke oVEMP.
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