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3. Results

Table 1 shows average values of AP and HR obtained at 30 s before
the onset of HUT with and without GVS. No significant difference in
AP and HR was observed between GVS amplitudes for both DOWN
and UP groups. Thus, GVS itself did not change AP and HR of both
DOWN and UP groups in the supine position.

Fig. 2 shows the relationship between CW and changes in AP
(upper panel), and between the difference in SVV and changes in
AP (lower panel). Changes in AP at the onset of HUT were significant-
ly correlated with the difference in tilt angles of SVV between clock-
wise and counterclockwise rotations (p<0.0001), but not with CW
analyzed by the caloric test (p=0.064).

Fig. 3 shows the representative responses of AP during HUT with-
out and with GVS in one subject of DOWN group, in whom AP de-
creased without GVS. The somatosensory threshold was 0.6 mA in
this subject. At an amplitude of 0.4 mA, the mean AP decreased by
12 mm Hg after the onset of HUT. The decrease was abolished with
GVS of 0.5 mA, which was not yet sensed by the subject. AP with
GVS of 0.6 mA or the amplitude of the somatosensory threshold de-
creased again at the onset of HUT. The averaged values of the shaded
zone, time 10 to 15 s, were used to analyze changes in AP compared
with those in the supine position.

Fig. 4 shows the representative responses of AP during HUT with
GVS in subject of UP group, in whom AP was maintained or increased
without GVS. The somatosensory threshold was 0.5 mA in this sub-
ject. At an amplitude of 0.3 mA, the mean AP was not altered during
HUT. However, AP increased by 7 mmHg with GVS of 0.4 mA,
which was not sensed by the subject. An AP increase with GVS of
0.5 mA or the amplitude of the somatosensory threshold was not ob-
served. The averaged values of the shaded zone, time 10 to 15 s, were
also used to analyze changes in AP compared with those in the supine
position.

Fig. 5 shows a data summary of changes in AP (left panels) and HR
(right panels) at the onset of HUT from the DOWN group (upper
panels) and the UP group (lower panels).

For the DOWN group, the amplitudes of the somatosensory
threshold of the 15 subjects were 0.3 to 0.8 mA (0.3 mA for 7 subjects,
0.4 mA for 3 subjects, 0.5 mA for 3 subjects, 0.6 mA for 1 subject, and
0.8 mA for 1 subject). AP decreased 12 mm Hg from that in the supine
position without GVS at the onset of HUT. The change was similar
among the other conditions with the exception of GVS at an ampli-
tude of 0.1 mA below the somatosensory threshold. The decrease in
AP was abolished under this condition, and the value was significant-
ly different from those of the other 4 conditions. Thus, subsensory
GVS at an amplitude of 0.1 mA below the somatosensory threshold
improved AP control at the onset of HUT.

Table 1
Control values of arterial pressure and heart rate.
GVS
off —02 —0.1 Somatosensory +0.1
threshold
AP (mmHg) DOWN 91+4 86+2 8714 88+3 88+2
upP 94+4 8941 94+3 89%1 89+2
HR (bpm) DOWN 62+3 5641 61+£3 5842 5442
up 68+4 605 66+4 6145 59+5

Average values of arterial pressure (AP) and heart rate (HR) obtained at 30 s before the
onset of the head-up tilt (HUT) with and without galvanic vestibular stimulation (GVS)
for the subjects whose AP decreased by more than 5 mm Hg at the onset of head up tilt
(DOWN, n=15), and the other comprised the subjects whose AP increased or decreased
by less than 5 mm Hg at the onset of HUT (UP, n=10) (mean & SE). Amplitudes are 0 mA
or off, 0.2 and 0.1 mA below somatosensory threshold, somatosensory threshold, 0.1 mA
over somatosensory threshold.
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Fig. 2. Upper panel: relationship between caloric weakness (CW) and change in arterial
pressure (AAP) upon head-up tilt (HUT). Lower panel: relationship between the differ-
ences in degrees of the subjective visual vertical (ASVV) test measured from clockwise
and counterclockwise directions and AAP upon HUT.

In the UP group, the amplitudes of the somatosensory threshold of
the 10 subjects were 0.3 to 0.7 mA (0.3 mA for 3 subjects, 0.5 mA for 3
subjects, 0.4 mA for 2 subjects, 0.6 mA for 1 subject, and 0.7 mA for 1
subject). AP increased by 4 mm Hg from that in the supine position
without GVS at the onset of HUT. The change was similar among
the other conditions with the exception of GVS at an amplitude of
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Fig. 3. Typical arterial pressure (AP) responses in the DOWN group, whose AP de-
creased by more than 5 mm Hg at the onset of head-up tilt (HUT) without galvanic
vestibular stimulation (GVS). The figures show AP responses upon HUT without
GVS (0 mA), with GVS at amplitudes of 0.4 mA (0.2 mA below the somatosensory
threshold), 0.5 mA (0.1 mA below the somatosensory threshold), and 0.6 mA (the
somatosensory threshold). Averaged values of the shaded zone were used for the
subsequent analysis of changes in AP.
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Fig. 4. Typical arterial pressure (AP) responses in the UP group, whose AP increased or
decreased by less than 5 mm Hg at the onset of head-up tilt (HUT) without galvanic
vestibular stimulation (GVS). The figures show AP responses without GVS (0 mA),
with GVS at amplitudes of 0.3 mA (0.2 mA below the somatosensory threshold),
0.4 mA (0.1 mA below the somatosensory threshold), and 0.5 mA (the somatosensory
threshold). Averaged values of the shaded zone were used for the subsequent analysis
of changes in AP.

0.1 mA below the somatosensory threshold. The increase in AP was
augmented under this condition, and the value was significantly dif-
ferent from those of the other 4 conditions. Thus, subsensory GVS
with amplitude of 0.1 mA below the somatosensory threshold en-
hanced AP control at the onset of HUT. Contrarily, no significant dif-
ference in HR was observed among GVS amplitudes for both UP and

DOWN groups. It suggests subthreshold GVS has a significant effect
on peripheral vascular resistance rather than HR to change AP.

Fig. 6 shows the time course of changes in AP (left panels) and HR
(right panels) with and without GVS at an amplitude of 0.1 mA below
the somatosensory threshold in the DOWN group (upper panels) and
the UP group (lower panels). In the DOWN group, AP decreased by
12 mm Hg at the onset of HUT without GVS, and gradually recovered
to the value of the supine position. This decrease was abolished when
GVS was applied. AP further increased by 40 s after the onset of HUT
and recovered to that of the supine position. In contrast, AP increased
by 4 mmHg without GVS in the UP group. With the application of GVS
at an amplitude of 0.1 mA below the somatosensory threshold, AP
further increased by 12 mm Hg, and gradually recovered to the
value of the supine position. HR gradually increased during HUT in
DOWN group. By contrast in UP group, HR increased quicker than
AP, and recovered to the level which is not significantly different
from the control. In UP group, change in HR during 5 to 10 s after
the onset of HUT with GVS was tended to be higher than that without
GVS, but did not reach significant level. Again, it suggests that GVS has
a significant effect on peripheral vascular resistance rather than HR to
change AP.

4. Discussion

In the present study, we clarify that the difference in SVV between
the clockwise and counterclockwise directions is proportional to the
change in AP during posture transition from the supine position to
HUT. The AP control is enhanced by GVS at an amplitude of 0.1 mA
below the somatosensory threshold. Thus, subsensory GVS improves
AP control for subjects whose AP drops, and further augmented for
subjects whose AP is maintained upon HUT.

HUT results in alteration of vestibular input (Yates and Miller,
1994) and fluid redistribution (Watenpaugh and Hargens, 1996).
Fluid redistribution or footward blood shift might decrease the AP
due to decreases in venous return and cardiac output (Larsen et al,,
1996), but the AP is maintained in healthy subjects (Watenpaugh et
al,, 2002; Kamiya et al,, 2003). We have clarified that the vestibular
system plays an important role in this maintenance of AP at the
onset of HUT in human subjects (Tanaka et al., 2009). During HUT,
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Fig. 5. Changes in arterial pressure (AP; left panels) and heart rate (HR; right panels) at the onset of head-up tilt (HUT) without {off) and with galvanic vestibular stimulation (GVS)
at amplitudes of 0.2 and 0.1 mA below the somatosensory threshold (— 0.1 and — 0.2, respectively), the somatosensory threshold (threshold), and 0.1 mA above the somatosensory
threshold (+0.1). The upper panels show summarized values from the subjects whose AP decreased by more than 5 mm Hg at the onset of HUT without GVS (DOWN). The lower
panels show summarized values from the subjects whose AP increased or decreased by less than 5 mm Hg at the onset of HUT without GVS (UP). *p<0.05 vs. GVS (off), —0.2,

threshold, +0.1.
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Fig. 6. Time course of changes in arterial pressure (AP: left panels) and heart rate (HR; right panels) with galvanic vestibular stimulation (GVS) of 0.1 mA below the somatosensory
threshold (GVS (on)) and without GVS (GVS (off)) during head-up tilt (HUT). The upper panels show summarized values from the subjects whose AP decreased by more than
5 mm Hg at the onset of HUT without GVS (DOWN). The lower panels show summarized values from the subjects whose AP increased or decreased by less than 5 mm Hg at the

onset of HUT without GVS (UP). *p<0.05 vs. AP or HR during supine position.

both semicircular canals and otolith organs of the vestibular system
are stimulated by pitch rotation and changes in the direction of grav-
ity for the body, respectively (Fitzpatrick and Day, 2004). However, it
has been considered that the otolith organs are more important for
sympathetic nerve activity and AP control during postural change,
rather than semicircular canals (Kaufmann et al, 2002; Carter and
Ray, 2008). In the present study, we analyzed the relationship between
the symmetry of vestibular function and the change in AP. The caloric
weakness or deviation of the semicircular canals and the related func-
tions were not correlated with changes in AP upon HUT. However, devi-
ation of the otolith and the related functions examined by SVV testing
correlated well with changes in AP. The results are consistent with the
findings noted above, and this is the first demonstration that deviation
of the otolith and the related functions are proportional to the AP
change during HUT. If the function does not deviate, AP is well main-
tained during HUT.

SVV is a sensitive tool for detecting imbalances in the “gravicep-
tive pathway” from the otolith to the cortex, and is involved in the
perception of verticality (Friedmann, 1970; Brandt et al., 1994; Aoki
et al,, 2008). Normal is considered to be a less than 1° deviation
from the real vertical (Friedmann, 1970). Lesions of the otolith and
the pathway below the pontine level cause ipsilateral tilts of the per-
ceived vertical, but lesions above the level cause contralateral tilts
(Brandt et al,, 1994). In the present study, the difference between
left and right deviations of the function was analyzed. The quite
small difference, which was less than 0.002°, correlated with the
change in AP at the onset of HUT. The pathway, including the otolith
organs, might not correctly sense the change in the direction of grav-
ity for the body due to the deviation, and AP might not be maintained
even if each inherent function, i.e., the results from SVV, is within nor-
mal range. SVV is also affected by visual effects, and visual roll motion
induces deviation of the visual vertical (Bronstein et al., 1996). The
clockwise and counterclockwise roll motions of the bar before adjust-
ment might affect the results (Lorincz and Hess, 2008). However, the
otolith and related pathways, rather than the visual effect, should be
more important for control of AP upon HUT. This is because unlike
during SVV, the subjects closed their eyes using an eye mask upon

HUT; however, the changes in AP were significantly correlated with
the SVV results.

When GVS of 0.1 mA below the somatosensory threshold was ap-
plied to the subjects in the DOWN group, the decrease in AP was dimin-
ished, and the AP remained at the level of the supine position. In the UP
group, AP was further increased with GVS. GVS of 2-4 mA given 500 ms
after R-wave of electrocardiogram increases sympathetic nerve activity
in supine position (Voustianiouk et al,, 2006). We did not measure the
sympathetic nerve activity in the present study, but the activity might
not be modulated so much by GVS itself since AP and HR did not change
with GVS of the low amplitudes used in the present study. However,
this weak stimulation might have improved the sensitivity of the otolith
organs. The response of the vestibulocardiovascular reflex with the
weak GVS was likely the phenomenon seen in the somatosensory sys-
tem. Below-threshold electrical stimulation to the skin improves tactile
sensitivity (Dhruv et al,, 2002), and stimulation to the muscle improves
joint position sensitivity (Collins et al, 2010). The mechanism is
unclear, but the phenomenon that noise increases in the quality of de-
tection performance or signal transmission is known as stochastic reso-
nance. As a result of this phenomenon, electrical stimulation to the
muscles improves position sense and balance control (Gravelle et al.,
2002; Ross et al., 2007). In the present study, we found a similar phe-
nomenon in the vestibulocardiovascular reflex. As the phenomenon
used for rehabilitation of sprains (Ross et al.,, 2007) and treatment of
neuropathies (Dhruv et al, 2002), GVS at the amplitude of 0.1 mA
below the somatosensory threshold may be used for maintaining cere-
bral blood flow and the prevention of orthostatic hypotension. Howev-
er, GVS-induced hypertension may be required attention for patients of
hypertension or subjects like UP group. GVS does not only induce elec-
trical activation in peripheral vestibular afferents but also affects differ-
ent cortical-vestibular areas and neighboring cortical regions (Utz et al,,
2010). However, the trapezius muscle stimulation in a similar fashion
did not change the response of AP (our unpublished data). Thus, stimu-
lation of the area, i.e., stimulation over the mastoid processes is consid-
ered to be important for AP control via the cardiovascular organs.

Without GVS, AP recovered during the late phase of HUT probably
due to the baroreflex. Because the baroreflex is a negative-feedback
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system (Sagawa, 1983), its activation should be slower than that of the
vestibulocardiovascular control mechanism (Nakamura et al., 2009).
The vestibular system senses gravitational changes and reflexively af-
fects AP regardless of the occurrence of gravitational change-induced
fluid shift. However, the baroreflex is activated after the change in AP
due to the fluid shift (Gotoh et al.,, 2004). From this viewpoint, barore-
flex is also functioning at the onset of HUT in DOWN group without
GVS. Without baroreflex, AP should be more decreased as seen in
aged subjects (Tanaka et al,, 2009). AP or input for the arterial barore-
ceptors should be lower than that at the heart level or at the finger
with the blood pressure cuff during HUT. Baroreflex should work to re-
cover this lower AP to the control level. Overcompensation or further
increase in AP compared to that during supine position seen in Fig. 6,
might be additional effects of the baroreflex control.

This interaction between vestibular system and baroreflex control
can be further considered with change in HR. In DOWN group, HR
gradually increased during HUT. By contrast in UP group, HR in-
creased quicker than AP, and recovered to the level which is not sig-
nificantly different from the control. This difference might be
explained by the difference in the direction of the input to the barore-
ceptors at the onset of HUT, i.e., lower or higher AP compared to that
during supine position. In DOWN group that otolith function is unbal-
anced, AP decreased due to footward blood shift. Negative feedback
system via the baroreceptors works to return AP, and HR is further in-
creased. Contrarily, a change in direction of gravity is detected accu-
rately by the vestibular receptors in UP group that otolith function
is balanced. Vestibular system reflexively changes HR and probably
peripheral resistance before AP decreases due to blood redistribution.
The vestibular system acts quickly as a feedforward system against
gravitational change. However, the response via feedforward control
can induce overcorrect error (Gotoh et al, 2004). In the present
study, the overcompensated AP and HR were compensated by the
baroreflex, and HR recovered to the control level in UP group. Respi-
ration, i.e., tidal volume and respiratory rate affects AP and HR control
(Hayano et al., 1994; Mesquida et al., in press), but GVS at this ampli-
tude did not affect spontaneous breathing (our unpublished data).

As a limitation, we focused in AP and HR in the present study, and
did not measure cardiac output or any blood flow. HUT causes not
only fluid shift in the blood vessels, but also transcapillary fluid shift
to the tissues due to increase in hydrostatic pressure in the lower
body. If transcapillary fluid shift in the lower body was not recovered
during resting period, venous return and cardiac output might not be
similar for each measurement. However, the difference is averaged
and considerably balanced by varied order of measurements.

In conclusion, the functional balance of the graviceptive pathway, -

including the otolith organs is important for the control of AP at the
onset of HUT in human subjects. The AP control is enhanced by sub-
sensory near-threshold GVS.
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Abstract There is little definitive evidence of the clinical
significance of the vestibular-cardiovascular reflex in
humans, despite the fact that the vestibular system is known
to contribute to cardiovascular control in animals. The pres-
ent study involved 248 dizzy patients (127 male patients and
121 female patients) aged 65 years and younger. We classi-
fied all participants into three groups based on their vestibular
evoked myogenic potential (VEMP) responses; absent
VEMP, asymmetry VEMP and normal VEMP. To investi-
gate the effect of the otolith disorder, which was estimated by
the VEMP, on the orthostatic blood pressure responses, the
subjects’ systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and heart rate were monitored during the ortho-
static test after they actively stood up. The male patients in
the absent VEMP group had a significant drop in their DBP
at 1 min after active standing up (P <0.05) without any
change in their SBP. Conversely, male patients in the asym-
metry VEMP and normal VEMP groups showed a significant
increase in the SBP at 1 min after active standing up
(P <0.05). Female patients in the absent VEMP group did
not show any significant drop in their blood pressure after
standing up (P > 0.05). In the entire group of participants, a
total of 19.6% of the patients in the absent VEMP group ful-
filled the criteria for orthostatic hypotension (OH), which
was significantly > the 8.6% of patients in the normal VEMP
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group and the 7.2% in the asymmetry VEMP group
(P <0.05). Our results suggest that vestibular disorders due
to the dysfunction of otolith organs provoke OH.

Keywords Graviceptor - Otolith - Orthostatic
hypotension - Dizziness - Subjective visual vertical -
Vestibular evoked myogenic potential

Introduction

The otolith, one of the graviceptive organs, receives a sig-
nal of tilt with respect to the gravitational vector and
informs the brain about rapid changes in posture. Long-
term bed rest results in rapid physical deconditioning with
the development of orthostatic hypotension (OH). This can
be explained by the plasticity of the vestibular-cardiovascu-
lar pathway. However, the mechanisms underlying this
phenomenon remain unclear (Yates et al. 2000). Animal
studies have demonstrated considerable evidence that the
bilateral removal of the labyrinthine inputs reduces ortho-
static tolerance (Doba and Reis 1974; Jian et al. 1999). It
appears that stimulation of otolith receptors in humans, as
in animals (Yates and Miller 1994; Woodring et al. 1997),
can produce cardiovascular alterations. Essandoh et al.
(1988) reported that head-down neck flexion in the prone
position produces a rapid decrease in blood flow of the
forearm and calf in male subjects. Additional studies con-
firmed this finding, however, the mechanisms responsible
for the results were not identified (Normand et al. 1997,
Ray and Hume 1998). Nevertheless, the studies performed
to date have supported the hypothesis that the vestibular
system contributes to eliciting the required changes in
blood pressure during movement and changes in posture
(Yates 1992; Aoki et al. 2000).
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We previously reported that the graviceptor of otolith
organs may have a direct influence on the blood pressure in
humans and that the vestibular system may contribute to the
initial arterial pressure control during posture transition
(Yates etal. 1999; Aoki etal. 2000; Yates etal. 2000;
Tanaka et al. 2009). However, there is little definitive evi-
dence to demonstrate the clinical significance of the vestib-
ular-cardiovascular reflex in humans, despite the fact that
the vestibular system is known to contribute to cardiovas-
cular control in animals (Yates et al. 2000). Hypothetically,
the vestibular-cardiovascular reflex is a mechanism that
serves to maintain a constant blood pressure during unex-
pected changes in posture that place the longitudinal axis
parallel to the gravitational vector. Based on this hypothe-
sis, the hypofunction of the graviceptor may induce OH.

Ray has demonstrated that the there is no gender differ-
ence in the vestibulosympathetic reflex since sympathetic
activation during head-down rotation in the prone posture
was similar in males and females (Ray 2000). However,
some studies have reported that gender difference in cardio-
vascular regulation induces lower tolerance to various
orthostatic challenges in females compared with males
(Gotshall etal. 1991; Convertino 1998). Female subjects
have demonstrated a greater incidence of syncopal episodes
during standing after spaceflight and have less responsive
cardiovascular functions than male subjects (Hordinsky
etal. 1981). Female subjects also have significantly less
lower body negative pressure tolerance and have lower bar-
oreflex sensitivity than male subjects (Convertino 1998;
Gotshall 2000). In addition, the menstrual cycle in females
alters blood pressure regulation (Dunne et al. 1991). Conse-
quently, the gender differences in the cardiovascular regula-
tion should also be considered to fully evaluate our
hypothesis. We therefore assessed the orthostatic cardio-
vascular responses in male and female patients suffering
from dizziness separately.

Methods
Subjects and ethical considerations

We collected data obtained from 467 patients visiting our
hospital for dizziness from 2009 to 2010. In this study, 67
male patients and 58 female patients older than 65 years
were excluded because clinical tests associated with otolith
organs often show abnormal results even in healthy elderly
patients. We additionally excluded 85 patients (33 male
patients and 52 female patients) who were taking anti-
hypertension drugs or drugs for heart disease and 9 patients
(4 male patients and 5 female patients) with dizziness due
to central nervous system involvement of cerebral infrac-
tion, cerebellar hemorrhage or Parkinson’s disease. This
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study therefore consisted of 127 male patients and 121
female patients seeking treatment for dizziness.

The local Ethics Committee of Gifu University Graduate
School of Medicine approved this study. After a complete
description of the study, written informed consent was
obtained from all patients.

Subjective visual vertical testing

A previous clinical study demonstrated that the measure-
ment of the subjective visual vertical (SVV) was a sensitive
tool for detecting an imbalance in the otolith function
(Gresty et al. 1992), and abnormal deviation of the SVV is
presumed to depend on the location and the extent of the
lesions in the vestibular organs and/or nerves (Vibert et al.
1999). The subjects in this study were seated upright, and
their head was held in place by a chin-rest. A 15-cm-long
rod of charged fluorescent tape 5 mm wide was placed in
front of each subject at a distance of 1 m. It was positioned
at eye level and, in complete darkness (i.e. no frame, no
disk), the starting position of the rod was tilted to either the
left or right (approximately 40°). The subjects were
required to adjust the rod without time constraints to the
gravitational vertical with a potentiometer by a rotating
handle. Eight trials (4 trials in each direction) were per-
formed for each patient. The performance in the SVV
adjustment was expressed as the deviation from the gravita-
tional vertical (0°) measured in degrees of deviation. Devi-
ations to the left (counter-clockwise) were counted as
negative and deviations to the right (clockwise) as positive.
We defined the mean error of <2° as normal (Friedmann
1970). The average SVV was shown as the absolute value
of the deviations to both sides (Table 1).

Bithermal caloric testing

Surface electrodes were placed beside the lateral angle of
both eyes and frontal region of the head to detect eye move-
ments as electronystagmography (ENG). The signal was
amplified, monitored and recorded continuously at a rate of
120 Hz using an analog-to-digital converter with program-
ming software (CHARTR VNG/ENG, LCS Medical,
Schaumburg, IL, USA). The ENG data were passed a low
pass filter with a high cutoff frequency of 30 Hz. The ampli-
tude was calibrated with angle of the eye movement in
advance. Subjects were shielded light using goggle and
positioned in supine with head inclined 30° up from hori-
zontal. The external auditory canals were alternately irri-
gated with warm air (50° C) for 60 s, then, after a recovery
period, cool air (24° C) for 60 s using air caloric stimulator
(CHARTR NCA 200, LCS Medical, Schaumburg, IL,
USA). The maximal slow phase eye velocity (MSPV)
of nystagmus was calculated following each irrigation.
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Table 1 The results of neuro-otological examination in the three groups of patients classified by their VEMP responses

n Age VEMP amplitude of p13n23 (uV) SVV (®) CP% (%) DHI
Better side Worse side
Male patients
Absent VEMP 50 479+ 8.6 18.5 £ 16.1** 11.8 £ 12.2%* 1.7 £ 1.9* 37.5 £ 31.9%* 340+ 235
Asymmetry VEMP 38 494+11.4 63.9 + 18.1 21.3 £ 14.4%* 1.8 £2.1* 28.9 £ 245 289+214
Normal VEMP 39 45.0+ 105 74.0 £22.4 64.2 £+ 19.1 1.0+09 20.1 £21.8 35.6+242
Female patients
Absent VEMP 48 45.8+9.0 22.5 £ 16.7** 17.0 £ 15.8** 1.5+14 19.1 £21.5 3724244
Asymmetry VEMP 33 452+ 107 69.8 4 24.6 26.0 £ 17.3%* 13£1.0 16.9 +20.0 37.5+22.0
Normal VEMP 40 425+ 8.5 753+ 16.2 63.5 4 12.7 13+1.1 13.3 + 157 373+21.0

The number of patients, their average age, the VEMP amplitude of p13n23, the SVV, the CP% and the DHI score of the three groups in male and

female patients
The values are the averages and SD

VEMP vestibular evoked myogenic potential, SVV subjective visual vertical, CP% canal paresis percentage, DHI dizziness handicap inventory
**_* Significant difference from the normal VEMP group at P < 0.01 and P < 0.05

Jongkees’s formula was used to determine the semicircular
canal paresis (CP) by using the MSPV (with a 25% differ-
ence in the CP being considered significant) (Lee et al.
2009). The bilateral hypofunction (MSPV of nystagmus for
cold and warm caloric stimulus should not exceed 10°/s)
was defined as 100% in CP.

Vestibular evoked myogenic potential (VEMP)
electromyogram activity

The VEMP evoked by clicking sounds has been clinically
used as a robust, reproducible screening test of otolith func-
tion (Colebatch etal. 1994; Welgampola and Colebatch
2005). For our patients, the VEMP electromyogram activity
was recorded from the upper half of the bilateral sternoclei-
domastoid (SCM) muscle using surface electrodes, with a
reference electrode on the upper edge of the sternum and a
ground electrode on the forehead. The subjects were asked
to turn their head to the contralateral shoulder before start-
ing the measurement and to hold this position exactly in
order to achieve a constant tonic activation of the SCM
(100~200 V) during the whole recording period. Rarefac-
tion clicks of 0.1 ms duration were presented at a rate of 5/s
through a headphone. The click intensities were 135
dBSPL referred to the perceptual threshold for normal sub-
jects (0 dB nHL; 40 dB peak-equivalent SPL). The EMG
signal was amplified and bandpass filtered (52,000 Hz),
and the responses to 100 stimuli were averaged (Neuropack
MB-2200, Nihon Kouden, Japan). The response consists of
an initial positivity or inhibition (p13) followed by a nega-
tivity or excitation (n23). We defined the VEMP threshold
as the lowest level at which both the pl13 and n23 were
definable and replicable, and we measured the amplitude of
the p13n23 response for the VEMP. The amplitude of the

p13n23 response was calculated from the average of two
replicable trials. We defined the patients with responses in
the bilateral p13n23 amplitude of <40 pV, which was deter-
mined as the lowest value of individual data obtained from
normal subjects (Su et al. 2004) or without definable p13
waves bilaterally as the absent VEMP group, those with lat-
erality more than double the amplitude of the p13n23 as the
asymmetry VEMP group and those with a normal response
bilaterally as the normal VEMP group (Fig. 1; Table 1).

The orthostatic Schellong test

The Schellong test was also performed in the mid-morning,
and the subject’ blood pressure (BP) and heart rate (HR)
were automatically assessed with Automated BP Monitor
(Colin Corporation) with subjects in the supine position for
10 min. Thereafter, the patients were asked to get up from
the bed and stand up naturally without support or any stand-
ing device, such as forearm crutches or leg braces. All
patients stood up within 20 s, and their systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) and HR were
measured at approximately 1 min after actively changing
from the supine position to the upright position. Following
that, they were asked to maintain an upright posture quietly
for 3 min, and their SBP, DBP and HR were monitored at 1
min intervals.

The changes in the SBP, DBP and HR after active stand-
ing up in comparison to the average data for the 10 min in
the supine position (rest) were evaluated. We adopted the
criteria for OH based on the American Autonomic Society
(AAS) and the American Academy of Neurology (AAN),
which define OH as a SBP decrease of at least 20 mm Hg or
a DBP decrease of at least 10 mm Hg within 3 min of
standing up (Freeman et al. 2011).
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Fig. 1 Simultaneous averages absent VEMP
of SCM electromyogram record-

ed from a subject in each group. 1
The stimulus was delivered at
the vertical dotted line, and the
responses to 100 stimuli were
averaged. The subjects were
classified into three groups
according to the amplitude of
initial biphasic p13n23 waves
(absent VEMP group, asymme-
try VEMP group and normal
VEMP group)

asymmetry VEMP

Dizziness handicap inventory questionnaire

The dizziness handicap inventory (DHI) comprises 25
questions designed to assess a patient’s emotional (9 ques-
tions), functional (9 questions) and physical (7 questions)
limitations. Each question provides a choice of 3 replies:
“yes” (4 points), “sometimes” (2 points) and “no” (0
points). The maximum of 100 points indicates the greatest
disturbance to the patient and the minimum of 0 points sug-
gests that there is no handicap (Jacobson and Newman
1990). The DHI assesses precipitating physical factors

associated with dizziness/unsteadiness and functional/emo- .

tional consequences of symptoms as a measure of disability
in patients with dizziness and unsteadiness.

Statistical analyses

The statistical analyses were performed by a one-way
ANOVA for the age, the DHI score, the CP%, the SVV, the
VEMP amplitude, the average BP and HR during a 10-min
rest period among the three groups classified by VEMP test.
In addition, the statistical significant difference in the
changes of the SBP, DBP and HR at 1, 2 and 3 min after
standing up in comparison to average data during the 10-
min rest period was determined by the use of a paired ¢ test.
The difference in the change of the SBP, DBP and HR after
standing up between 2 groups classified by the degree of
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SVV (SVV <2° vs. SVV >2°) (Friedmann 1970) and the
CP% (CP% <25% vs. CP% >25%) (Lee et al. 2009) were
also statistically analyzed by unpaired ¢ test. The significant
difference in the percentage of patients who qualify for a
diagnosis of OH was analyzed among the three groups
using Fisher’s LSD test. The level of significance of
P <0.05 was adopted throughout the study. The illustrated
values in this text are the mean + 1 SD.

Results

We classified our participants into three groups based on
their VEMP responses as described above (Fig. 1). The
average SVV and CP% of male patients in the absent
VEMP group were significantly larger than those in the
normal VEMP group (P < 0.05, Table 1). There were no
significant differences between the groups with respect to
the patient age, DHI score, or average SBP, DBP or HR
during a 10-min rest period in male patients (P> 0.05,
Table 1). There were also no significant differences in the
SVV, CP%, age, DHI score, or the average SBP, DBP or
HR during a 10-min rest period found between the groups
in the female patients (P > 0.05, Table 1).

On the other hand, the male patients in the absent VEMP
group presented a significant drop in their DBP at 1 min
(P =10.03, Fig. 2). The DBP at 2 min after standing up was
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Fig. 2 The change of the SBP, absent VEMP
DBP and HR (mean and stan- 132 1
dard error) after standing up in 130
the absent VEMP group = 128 -
(n = 50), the asymmetry VEMP T
group (n = 38) and the normal g 126 4
VEMP group (n = 39) in male o 124 -
patients. **, * Significant differ- % 122 4
ence in SBP, DBP and HR from
average data during a 10-min 120 1
rest period at P < 0.01 and 118 4
P<0.05 116 4
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> 80 " *
T
£ 78 4
£
a 76
a4}
O 74 4
72 4 *
70 -
90 -
EZ3
85 4 *%k
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Rest Tmin 2 min 3 min

not significantly different from the average DBP during a
10-min rest period (P > 0.05, Fig. 2) despite the fact that
the DBP at 2min in the other 2 groups significantly
increased in comparison with the average DBP during the
10-min rest period (P < 0.05, Fig. 2). Male patients in the
asymmetry VEMP and normal VEMP groups showed a sig-
nificant increase in their SBP at 1 min after standing up
(P=0.04, P=0.03, Fig. 2). However, the male patients in
the absent VEMP group did not show any change in their
SBP after standing up (P> 0.05, Fig.2). The SBP of
female patients in the absent VEMP and the asymmetry
VEMP groups tended to decrease at 1 min after standing
up, while the SBP of female patients in the normal VEMP
group significantly increased after standing up (P = 0.049,
Fig. 3). The DBP of female patients in the normal VEMP
group increased at 1 min after standing up (P =0.03,
Fig. 3). In contrast, the DBP in the absent VEMP and asym-
metry VEMP groups did not change after standing up
(P> 0.05, Fig. 3). There were no significant differences in
the changes of the HR after standing up between any of the

asymmetry VEMP normal VEMP
132 4 132 -
130 4 130 +
* *
128 4 128 -
126 126 *
124 - 124 4
122 - 122 1
120 1 120
118 4 118 4
116 2 116 -
84 1 84 -
*
$2 « $2 1
80 80 «
78 78 1 *
76 76 1
74 74 4
72 72 1
70 - 70 -
90 1 90 1
KAk
85 Fox sk $5 1 Ak
E= S *¥
80 80 1
75 751
70 1 70 4
65 65 1
60 - 60 -

Rest 1min 2min 3 min Rest Tmin 2 min 3 min

groups in either the male or the female patients (P > 0.05,
Figs. 2, 3).

The SBP in male patients with a SVV <2° significantly
increased at 1 min after standing up, whereas the SBP in
male patients with a SVV >2° tended to decrease at 1 min
after standing up. A similar result was found in the
response of the DBP after standing up (Table 2). There
were no significant differences in the SBP and DBP
responses after standing up between male patients with
CP% <25% and male patients with CP% >25% (P > 0.05,
Table 2). In female patients, the BP responses after stand-
ing up were not affected by the degree of SVV and the CP%
(P >0.05, Table 3).

A total of 22% of the male patients in the absent VEMP
group fulfilled the criteria for OH proposed by the AAS
(Freeman et al. 2011), while only 7.9% of patients in the
asymmetry VEMP group and 7.7% of patients in the nor-
mal VEMP group met the criteria for OH (P = 0.058). In
the female patients, the positive ratios were 16.7% in the
absent VEMP group, 3% in the asymmetry VEMP group
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Fig.3 The change of the SBP, 120 - absent VEMP
DBP and HR (mean and stan-
dard error) after standing up in 118 4
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and 10% in the normal VEMP group. There were no signifi-
cant differences in the positive ratios among the three groups
(P> 0.05). In all participants, 19.6% of patients in the absent
VEMP group fulfilled the criteria for OH, which was signifi-
cantly > the 8.6% in the normal VEMP group and the 7.2%
in the asymmetry VEMP group (P = 0.03, P =0.02).

Discussion

Complaints of light-headedness and even fainting when
standing up are related to a marked transient decrease in the
arterial BP that also occurs in healthy subjects upon stand-
ing up. This initial BP response to the upright position is
exclusively associated with active rising. In passive tilting,
any decrease in the BP is much smaller and in most cases is
absent. The response thus appears to be due to muscle con-
traction. The effort of standing compresses the venous ves-
sels in the contracting muscle of the legs, which causes an
immediate translocation of blood toward the heart and
increase the cardiac output. The increase in cardiac output
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is not sufficient to make up for the drop in the total periphe-
ral resistance induced by standing up, resulting in a tran-
sient decrease in the SBP (Wieling et al. 2007). The abrupt
increase in HR upon standing, which peaks at ~3 s after the
onset of standing up, induces an abrupt inhibition of cardiac
vagal tone. These effects can be attributed to diminished
activation of the arterial baroreceptors by the temporary
decrease in BP and the arterial BP recovers after ~7 s. The
magnitude of the decrease of the initial BP and the increase
of the initial HR on standing up are increased by lengthen-
ing the period of preceding rest (Wieling and Lieshout
1997). Hypothetically, the increase in the arterial BP via the
vestibular-cardiovascular pathway resulting from the
changes in the graviceptive signals may support the recov-
ery of the BP immediately after standing up.

A possible role of signaling via the vestibular-cardio-
vascular pathway, which acts in a feed-forward system,
may be to prevent a decrease in BP by shifting the blood
flow to the lower body during standing, rather than regu-
lating the arterial BP (Kaufmann et al. 2002; Tanaka et al.
2009). However, the increase in the arterial BP via the
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Table 2 The difference in the

. X Rest 1 min 2 min 3 min
orthostatic cardiovascular re-
sponses between two groups of
male patients classified by their R
degree of SVV or their CP% SVV <2° (n=99)
SBP (mm Hg) 123.2 +12.6 126.1 + 18.6* 1245+ 152 1252 £+ 13.8*
DBP (mm Hg) 75.7+£98 75.6 £11.3 779 £ 11.1** 79.6 = 10.3**
. . HR 67.8 £13.7 84.2 £ 17.6** 81.5+£17.8*%* 81.5 £ 17.9%*
The differences in the changes of (bpr:x)
the SBP, DBP and HR after SVV>2° (n=28)
standing up between two groups SBP (mm Hg) 1234 £ 10.1 1214+ 11.1 121.6 = 11.2 124.0 = 10.0
:hf 1?1836 patienftss %S(g‘lé‘:/ bY2 DBP (mm Hg) 76.0 +8.5 73.9+83 783+ 11.0 79.5 4+ 10.7%*
eir degree o <2° * sk
vs. SVV >2°, A) and the CP% HR (bpm) 69.0 + 10.0 83.6 4+ 11.8** 81.5 £ 12.7* 80.6 = 12.5
(CP% <25% vs. CP% >25%,B) B
The values show the average and CP% <25% (n = 68)
SD SBP (mm Hg) 1223+ 114 124.7 £ 17.0 123.9 £132 124.7 £ 12.6*
SBP systolic blood pressure, DBP (mm Hg) 752+ 8.8 75.4 4 10.0 777 £ 10.5%* 80.0 £ 10.3%*
DBP diastolic blood pressure, " ik
HR heartrate, SVV subjective vi- HR (bpm) 67.7 + 10.6 84.7+ 145 823 +15.0 82.2 £ 15.0
sual vertical, CP% canal paresis CP% >25% (n=59)
percentage SBP (mm Hg) 124.3 £ 10.1 1255+ 11.1 1237 £11.2 125.1 +10.0
**, * Significant difference from DBP (mm Hg) 76.3 +10.2 749 £ 115 783 £11.7* 79.1 & 10.5**
%it gtO’;St at P <0.01 and HR (bpm) 685+98 83.4 4 11.3%* 80.7 & 12.2%* 80.4 & 12.3%*
Table 3 .The differences in the Rest 1 min 5 min 3 min
orthostatic cardiovascular re-
sponses between two groups of A
female patients classified by the .
degree of SVV or CP% SVV <2°(n=93)
SBP (mm Hg) 113.3 £ 10.8 1132 +12.7 1145 £123 1152 + 14.7*
DBP (mm Hg) 66.8 9.0 67.5+£9.1 69.4 £ 10.7*%* 69.3 £ 10.1%*
. X . HR (bpm) 67.8 +10.9 82.5 + 13.2%* 80.4 £ 12.8** 80.5 £ 12.3**
The differences in the changes in o
the SBP, DBP and HR after SVV>2° (n=28)
standing up between two groups SBP (mm Hg) 1132+ 11.0 113.8 £ 16.7 1134 +16.7 115.0 £ 14.7
of female patients classified by DBP (mm Hg) 65.1+79 67.4 & 8.4%* 67.4 + 10.4* 69.2 £ 9.8%*
their degree of SVV (SVV <2° *x *k *k
vs. SVV >2°, A) and their CP% HR (bpm) 65.3 + 10.6 83.1+123 793+ 123 779 +£12.1
(CP% <25% vs. CP% >25%, B)
The values show the average and CP% <25% (n=105)
SD SBP (mm Hg) 112.8 £10.7 112.8 +12.9 113.8 £ 12.8 114.7 4+ 12.3*
SBP systolic blood pressure, DBP (mm Hg) 66.6 & 8.7 67.6 & 8.9% 69.1 & 10.5%* 69.3 £ 10.1%*
DBP diastolic blood pressure.
> HR 67.6 =109 82.6 £ 13.1%* 80.6 £ 12.5%* 80.4 £ 12.2%*
HR heart rate, SVV subjective . (bpmo) 7
visual vertical, CP% canal CP% >25% (n= 16)
paresis percentage SBP (mm Hg) 116.0 £ 114 117.0 £ 15.1 1169 £ 16.8 1183 +15.8
**_ * Significant difference from DBP (mm Hg) 64.9 + 8.8 67.2 + 8.7* 675+ 114 69.4 & 9.9%*
that at rest at P < 0.01 and HR. (bpm) 647 + 104 82.6 = 12.0%* 773 &+ 13.2%* 76.6 + 12.8**

P<0.05

vestibular-cardiovascular pathway can be induced by
changes of the graviceptive signal, but not by the changes
in the arterial BP resulting from a shift in the blood flow.
The system therefore has an error, potentially leading to
an over-increase in the BP although this can be usually
corrected by a negative feedback system, such as barore-
flex. One study has clearly demonstrated that there are
increases in muscle sympathetic nerve activity and calf
vascular resistance during head-down rotation. These

responses are mediated by an engagement of the otolith
organs and not the semicircular canals (Ray and Carter
2003). The adjustment and increase of BP by the otolith
organ are entirely appropriate during active movement;
however, they may be inappropriate when provoked by
passive movements.

Measuring the initial responses (the first 305s) after
standing up may be an effective way to detect the effects of
vestibular disorders on BP responses after standing up.
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However, we investigated the response during the early
phase of stabilization (1-2 min after standing up) because
the response has been commonly used in the clinical evalu-
ation of neural circulatory control (Wieling and Lieshout
1997). We were able to find significant differences in the
changes in BP responses even in the early phase of stabil-
ization after standing up in the orthostatic Schellong test,
which has been used in everyday practice. The increases in
the HR after standing up were uniformly observed in all
participants of this study. These results suggest that the sig-
nificant drop in the BP after standing up is not the result of
a decreased ability to produce compensatory HR responses.
Further studies using the sequential beat-by-beat measure-
ments of BP may detect a more severe drop in the BP after
standing up in patients of the absent VEMP group. How-
ever, the clinical significance of our results for dizzy
patients remains unclear, because there was no significant
difference in the score on the DHI among the three groups.

The male patients in the absent VEMP group showed a
significant drop in their DBP at 1 min after standing up;
however, no significant change was noted in the DBP at
1 min after standing up in the asymmetry VEMP and the
absent VEMP groups. A clinical study demonstrated that
the symptoms associated with unilateral otolith dysfunction
may be more swiftly compensated in comparison with dys-
function of the lateral semicircular canal (Hafstrom et al.
2004). The effects due to disorders of the vestibular-cardio-
vascular reflex in the asymmetry VEMP group might also
be rapidly compensated. Patients with bilateral vestibular
dysfunction often suffer from continuing symptoms
because of the vestibular decompensation. Our results may
therefore indicate that the bilateral disorders of otolith
organs may greatly influence the initial BP control during
posture transition for long time relatively (Yates et al.
1999), thus resulting in the occurrence of either lighthead-
edness or fainting when standing up rapidly.

Ray demonstrated that there was no gender difference in
the vestibulosympathetic reflex since sympathetic activa-
tion during head-down rotation in the prone posture was
similar in males and females. We herein considered the
gender difference for the following reasons. First, the SBP
of female patients in the absent VEMP group tended to
decrease at 1 min after standing up, but the difference was
not significant. We speculated that some female patients
might stand up more slowly to avoid transient OH in com-
parison with male patients since females generally have
greater orthostatic intolerance due to their decreased
responsiveness in terms of the mechanisms that underlie BP
regulation under orthostatic challenge. Therefore, it is pos-
sible that the compression of the venous vessels in the con-
tracting muscle of the legs due to the effort of standing in
females is weaker than that in males, resulting in a smaller
transient initial decrease in the arterial BP by standing up in
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females. Second, there were no significant differences in the
average SVV and CP% among the three female groups
classified based on the amplitude of the VEMP. The gender
difference in the VEMP responses has not been reported.
Our results therefore suggest that the vestibular dysfunction
in female patients might be well compensated for or might
possibly be small regarding the extension of the lesions in
the vestibular organs and/or nerves, resulting in that the BP
response of female patients in the absent VEMP group was
similar to that of female patients in the normal VEMP
group. In addition, the BP regulation is altered by the men-
strual cycle (Dunne et al. 1991). However, our study did
not control for the menstrual cycle in female patients; there-
fore, our results may have been different if the menstrual
cycle in the female patients had been strictly controlled.

The criteria for OH were fulfilled in 19.6% of patients in
the absent VEMP group, which was significantly greater
than the positive ratio for OH in the normal VEMP group.
Our results therefore support the hypothesis that gravicep-
tive disorders due to dysfunction of otolith organs may pro-
voke OH. Patients with vestibular damage often complain
of light-headedness and unsteadiness upon rapid motion,
and these symptoms have been thought to be due to vestib-
ular-ocular or vestibular-spinal reflex disorder. In addition,
the elderly often complain of symptoms associated with
OH, which have been explained by a decline of venous
return associated with muscle weakness, the decrease in
fluid volume, the increase of venous compliance, dysfunc-
tion of the baroreflex and the degradation of cardiac perfor-
mance (Rutan etal. 1992). The otolith organs are
vulnerable to degradation due to aging, and the vestibular-
cardiovascular response may be diminished with age (Ray
and Monahan 2002; Tanaka et al. 2009). Clinical physi-
cians should therefore consider that lightheadedness and
fainting when standing up may be associated with hypo-
function of the vestibular-cardiovascular reflex due to an
otolith disorder. Although further studies are needed to
evaluate the precise mechanism, we believe that the pres-
ence of a graviceptive disorder due to disease and/or
advanced age may induce OH.
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Abstract There is little definitive evidence of the clinical
significance of the vestibular-cardiovascular reflex in
humans, despite the fact that the vestibular system is known
to contribute to cardiovascular control in animals. The pres-
ent study involved 248 dizzy patients (127 male patients and
121 female patients) aged 65 years and younger. We classi-
fied all participants into three groups based on their vestibular
evoked myogenic potential (VEMP) responses; absent
VEMP, asymmetry VEMP and normal VEMP. To investi-
gate the effect of the otolith disorder, which was estimated by
the VEMP, on the orthostatic blood pressure responses, the
subjects’ systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and heart rate were monitored during the ortho-
static test after they actively stood up. The male patients in
the absent VEMP group had a significant drop in their DBP
at 1 min after active standing up (P <0.05) without any
change in their SBP. Conversely, male patients in the asym-
metry VEMP and normal VEMP groups showed a significant
increase in the SBP at 1min after active standing up
(P <0.05). Female patients in the absent VEMP group did
not show any significant drop in their blood pressure after
standing up (P > 0.05). In the entire group of participants, a
total of 19.6% of the patients in the absent VEMP group ful-
filled the criteria for orthostatic hypotension (OH), which
was significantly > the 8.6% of patients in the normal VEMP
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group and the 7.2% in the asymmetry VEMP group
(P <0.05). Our results suggest that vestibular disorders due
to the dysfunction of otolith organs provoke OH.

Keywords Graviceptor - Otolith - Orthostatic
hypotension - Dizziness - Subjective visual vertical -
Vestibular evoked myogenic potential

Introduction

The otolith, one of the graviceptive organs, receives a sig-
nal of tilt with respect to the gravitational vector and
informs the brain about rapid changes in posture. Long-
term bed rest results in rapid physical deconditioning with
the development of orthostatic hypotension (OH). This can
be explained by the plasticity of the vestibular-cardiovascu-
lar pathway. However, the mechanisms underlying this
phenomenon remain unclear (Yates etal. 2000). Animal
studies have demonstrated considerable evidence that the
bilateral removal of the labyrinthine inputs reduces ortho-
static tolerance (Doba and Reis 1974; Jian et al. 1999). It
appears that stimulation of otolith receptors in humans, as
in animals (Yates and Miller 1994; Woodring et al. 1997),
can produce cardiovascular alterations. Essandoh et al.
(1988) reported that head-down neck flexion in the prone
position produces a rapid decrease in blood flow of the
forearm and calf in male subjects. Additional studies con-
firmed this finding, however, the mechanisms responsible
for the results were not identified (Normand et al. 1997;
Ray and Hume 1998). Nevertheless, the studies performed
to date have supported the hypothesis that the vestibular
system contributes to eliciting the required changes in
blood pressure during movement and changes in posture
(Yates 1992; Aoki et al. 2000).
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We previously reported that the graviceptor of otolith
organs may have a direct influence on the blood pressure in
humans and that the vestibular system may contribute to the
initial arterial pressure control during posture transition
(Yates etal. 1999; Aoki etal. 2000; Yates etal. 2000;
Tanaka et al. 2009). However, there is little definitive evi-
dence to demonstrate the clinical significance of the vestib-
ular-cardiovascular reflex in humans, despite the fact that
the vestibular system is known to contribute to cardiovas-
cular control in animals (Yates et al. 2000). Hypothetically,
the vestibular-cardiovascular reflex is a mechanism that
serves to maintain a constant blood pressure during unex-
pected changes in posture that place the longitudinal axis
parallel to the gravitational vector. Based on this hypothe-
sis, the hypofunction of the graviceptor may induce OH.

Ray has demonstrated that the there is no gender differ-
ence in the vestibulosympathetic reflex since sympathetic
activation during head-down rotation in the prone posture
was similar in males and females (Ray 2000). However,
some studies have reported that gender difference in cardio-
vascular regulation induces lower tolerance to various
orthostatic challenges in females compared with males
(Gotshall etal. 1991; Convertino 1998). Female subjects
have demonstrated a greater incidence of syncopal episodes
during standing after spaceflight and have less responsive
cardiovascular functions than male subjects (Hordinsky
etal. 1981). Female subjects also have significantly less
lower body negative pressure tolerance and have lower bar-
oreflex sensitivity than male subjects (Convertino 1998;
Gotshall 2000). In addition, the menstrual cycle in females
alters blood pressure regulation (Dunne et al. 1991). Conse-
quently, the gender differences in the cardiovascular regula-
tion should also be conmsidered to fully evaluate our
hypothesis. We therefore assessed the orthostatic cardio-
vascular responses in male and female patients suffering
from dizziness separately.

Methods
Subjects and ethical considerations

We collected data obtained from 467 patients visiting our
hospital for dizziness from 2009 to 2010. In this study, 67
male patients and 58 female patients older than 65 years
were excluded because clinical tests associated with otolith
organs often show abnormal results even in healthy elderly
patients. We additionally excluded 85 patients (33 male
patients and 52 female patients) who were taking anti-
hypertension drugs or drugs for heart disease and 9 patients
(4 male patients and 5 female patients) with dizziness due
to central nervous system involvement of cerebral infrac-
tion, cerebellar hemorrhage or Parkinson’s disease. This
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study therefore consisted of 127 male patients and 121
female patients seeking treatment for dizziness.

The local Ethics Committee of Gifu University Graduate
School of Medicine approved this study. After a complete
description of the study, written informed consent was
obtained from all patients.

Subjective visual vertical testing

A previous clinical study demonstrated that the measure-
ment of the subjective visual vertical (SVV) was a sensitive
tool for detecting an imbalance in the otolith function
(Gresty et al. 1992), and abnormal deviation of the SVV is
presumed to depend on the location and the extent of the
lesions in the vestibular organs and/or nerves (Vibert et al.
1999). The subjects in this study were seated upright, and
their head was held in place by a chin-rest. A 15-cm-long
rod of charged fluorescent tape 5 mm wide was placed in
front of each subject at a distance of 1 m. It was positioned
at eye level and, in complete darkness (i.e. no frame, no
disk), the starting position of the rod was tilted to either the
left or right (approximately 40°). The subjects were
required to adjust the rod without time constraints to the
gravitational vertical with a potentiometer by a rotating
handle. Eight trials (4 trials in each direction) were per-
formed for each patient. The performance in the SVV
adjustment was expressed as the deviation from the gravita-
tional vertical (0°) measured in degrees of deviation. Devi-
ations to the left (counter-clockwise) were counted as
negative and deviations to the right (clockwise) as positive.
We defined the mean error of <2° as normal (Friedmann
1970). The average SVV was shown as the absolute value
of the deviations to both sides (Table 1).

Bithermal caloric testing

Surface electrodes were placed beside the lateral angle of
both eyes and frontal region of the head to detect eye move-
ments as electronystagmography (ENG). The signal was
amplified, monitored and recorded continuously at a rate of
120 Hz using an analog-to-digital converter with program-
ming software (CHARTR VNG/ENG, LCS Medical,
Schaumburg, IL, USA). The ENG data were passed a low
pass filter with a high cutoff frequency of 30 Hz. The ampli-
tude was calibrated with angle of the eye movement in
advance. Subjects were shielded light using goggle and
positioned in supine with head inclined 30° up from hori-
zontal. The external auditory canals were alternately irri-
gated with warm air (50° C) for 60 s, then, after a recovery
period, cool air (24° C) for 60 s using air caloric stimulator
(CHARTR NCA 200, LCS Medical, Schaumburg, IL,
USA). The maximal slow phase eye velocity (MSPV)
of nystagmus was calculated following each imrigation.
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Table 1 The results of neuro-otological examination in the three groups of patients classified by their VEMP responses

n Age VEMP amplitude of p13n23 (uV) SVV (®) CP% (%) DHI
Better side Worse side
Male patients
Absent VEMP 50 479+ 8.6 18.5 £ 16.1*%* 11.8 &£ 12.2%* 1.7 £ 1.9* 37.5 £31.9*%* 34.0£235
Asymmetry VEMP 38 494+ 114 63.9 +18.1 21.3 & 14.4** 1.8 £ 2.1* 28.9 4+ 24.5 289+214
Normal VEMP 39 45.0£ 105 74.0+£22.4 64.2 £19.1 1.0 0.9 20.1 +£21.8 35.6+242
Female patients
Absent VEMP 48 458+9.0 22.5 + 16.7** 17.0 £ 15.8** 1.5+14 19.1 +21.5 37.2+244
Asymmetry VEMP 33 452 4+ 10.7 69.8 £ 24.6 26.0 + 17.3** 1.3+£1.0 16.9 4 20.0 37.54+22.0
Normal VEMP 40 425485 753 +16.2 63.5+12.7 13+141 13.3 £15.7 37.3+21.0

The number of patients, their average age, the VEMP amplitude of p13n23, the SVV, the CP% and the DHI score of the three groups in male and

female patients
The values are the averages and SD

VEMP vestibular evoked myogenic potential, SVV subjective visual vertical, CP% canal paresis percentage, DHI dizziness handicap inventory
**_* Significant difference from the normal VEMP group at P < 0.01 and P < 0.05

Jongkees’s formula was used to determine the semicircular
canal paresis (CP) by using the MSPV (with a 25% differ-
ence in the CP being considered significant) (Lee et al.
2009). The bilateral hypofunction (MSPV of nystagmus for
cold and warm caloric stimulus should not exceed 10°/s)
was defined as 100% in CP.

Vestibular evoked myogenic potential (VEMP)
electromyogram activity

The VEMP evoked by clicking sounds has been clinically
used as a robust, reproducible screening test of otolith func-
tion (Colebatch etal. 1994; Welgampola and Colebatch
2005). For our patients, the VEMP electromyogram activity
was recorded from the upper half of the bilateral sternoclei-
domastoid (SCM) muscle using surface electrodes, with a
reference electrode on the upper edge of the sternum and a
ground electrode on the forehead. The subjects were asked
to turn their head to the contralateral shoulder before start-
ing the measurement and to hold this position exactly in
order to achieve a constant tonic activation of the SCM
(100200 pV) during the whole recording period. Rarefac-
tion clicks of 0.1 ms duration were presented at a rate of 5/s
through a headphone. The click intensities were 135
dBSPL referred to the perceptual threshold for normal sub-
jects (0 dB nHL; 40 dB peak-equivalent SPL). The EMG
signal was amplified and bandpass filtered (52,000 Hz),
and the responses to 100 stimuli were averaged (Neuropack
MB-2200, Nihon Kouden, Japan). The response consists of
an initial positivity or inhibition (p13) followed by a nega-
tivity or excitation (n23). We defined the VEMP threshold
as the lowest level at which both the pl13 and n23 were
definable and replicable, and we measured the amplitude of
the p13n23 response for the VEMP. The amplitude of the

p13n23 response was calculated from the average of two
replicable trials. We defined the patients with responses in
the bilateral p13n23 amplitude of <40 pV, which was deter-
mined as the lowest value of individual data obtained from
normal subjects (Su et al. 2004) or without definable p13
waves bilaterally as the absent VEMP group, those with lat-
erality more than double the amplitude of the p13n23 as the
asymmetry VEMP group and those with a normal response
bilaterally as the normal VEMP group (Fig. 1; Table 1).

The orthostatic Schellong test

The Schellong test was also performed in the mid-morning,
and the subject’ blood pressure (BP) and heart rate (HR)
were automatically assessed with Automated BP Monitor
(Colin Corporation) with subjects in the supine position for
10 min. Thereafter, the patients were asked to get up from
the bed and stand up naturally without support or any stand-
ing device, such as forearm crutches or leg braces. All
patients stood up within 20 s, and their systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) and HR were
measured at approximately 1 min after actively changing
from the supine position to the upright position. Following
that, they were asked to maintain an upright posture quietly
for 3 min, and their SBP, DBP and HR were monitored at 1
min intervals.

The changes in the SBP, DBP and HR after active stand-
ing up in comparison to the average data for the 10 min in
the supine position (rest) were evaluated. We adopted the
criteria for OH based on the American Autonomic Society
(AAS) and the American Academy of Neurology (AAN),
which define OH as a SBP decrease of at least 20 mm Hg or
a DBP decrease of at least 10 mm Hg within 3 min of
standing up (Freeman et al. 2011).
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Fig. 1 Simultaneous averages absent VEMP
of SCM electromyogram record-
ed from a subject in each group.
The stimulus was delivered at
the vertical dotted line, and the
responses to 100 stimuli were
averaged. The subjects were
classified into three groups
according to the amplitude of
initial biphasic p13n23 waves
(absent VEMP group, asymme-
try VEMP group and normal
VEMP group)

]
.
“ 1
W
)
!
4

asymmetry VEMP
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Dizziness handicap inventory questionnaire

The dizziness handicap inventory (DHI) comprises 25
questions designed to assess a patient’s emotional (9 ques-
tions), functional (9 questions) and physical (7 questions)
limitations. Each question provides a choice of 3 replies:
“yes” (4 points), “sometimes” (2 points) and “no” (0
points). The maximum of 100 points indicates the greatest
disturbance to the patient and the minimum of 0 points sug-
gests that there is no handicap (Jacobson and Newman
1990). The DHI assesses precipitating physical factors
associated with dizziness/unsteadiness and functional/emo-
tional consequences of symptoms as a measure of disability
in patients with dizziness and unsteadiness.

Statistical analyses

The statistical analyses were performed by a one-way
ANOVA for the age, the DHI score, the CP%, the SVV, the
VEMP amplitude, the average BP and HR during a 10-min
rest period among the three groups classified by VEMP test.
In addition, the statistical significant difference in the
changes of the SBP, DBP and HR at 1, 2 and 3 min after
standing up in comparison to average data during the 10-
min rest period was determined by the use of a paired ¢ test.
The difference in the change of the SBP, DBP and HR after
standing up between 2 groups classified by the degree of
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SVV (SVV <2° vs.'SVV >2°) (Friedmann 1970) and the
CP% (CP% <25% vs. CP% >25%) (Lee et al. 2009) were
also statistically analyzed by unpaired ¢ test. The significant
difference in the percentage of patients who qualify for a
diagnosis of OH was analyzed among the three groups
using Fisher’s LSD test. The level of significance of
P <0.05 was adopted throughout the study. The illustrated
values in this text are the mean + 1 SD.

Results

We classified our participants into three groups based on
their VEMP responses as described above (Fig.1). The
average SVV and CP% of male patients in the absent
VEMP group were significantly larger than those in the
normal VEMP group (P <0.05, Table 1). There were no
significant differences between the groups with respect to
the patient age, DHI score, or average SBP, DBP or HR
during a 10-min rest period in male patients (P> 0.05,
Table 1). There were also no significant differences in the
SVV, CP%, age, DHI score, or the average SBP, DBP or
HR during a 10-min rest period found between the groups
in the female patients (P > 0.05, Table 1).

On the other hand, the male patients in the absent VEMP
group presented a significant drop in their DBP at 1 min
(P =10.03, Fig. 2). The DBP at 2 min after standing up was
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Fig. 2 The change of the SBP, absent VEMP
DBP and HR (mean and stan- 132 1
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not significantly different from the average DBP during a
10-min rest period (P > 0.05, Fig. 2) despite the fact that
the DBP at 2min in the other 2 groups significantly
increased in comparison with the average DBP during the
10-min rest period (P < 0.05, Fig. 2). Male patients in the
asymmetry VEMP and normal VEMP groups showed a sig-
nificant increase in their SBP at 1 min after standing up
(P=0.04, P=0.03, Fig. 2). However, the male patients in
the absent VEMP group did not show any change in their
SBP after standing up (P> 0.05, Fig.2). The SBP of
female patients in the absent VEMP and the asymmetry
VEMP groups tended to decrease at 1 min after standing
up, while the SBP of female patients in the normal VEMP
group significantly increased after standing up (P = 0.049,
Fig. 3). The DBP of female patients in the normal VEMP
group increased at 1 min after standing up (P =0.03,
Fig. 3). In contrast, the DBP in the absent VEMP and asym-
metry VEMP groups did not change after standing up
(P >0.05, Fig. 3). There were no significant differences in
the changes of the HR after standing up between any of the

asymmetry VEMP normal VEMP
132 4 132 1
130 4 130 1
* *
128 4 128 4
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Rest Tmin 2min 3 min Rest Tmin 2 min 3 min

groups in either the male or the female patients (P > 0.05,
Figs. 2, 3).

The SBP in male patients with a SVV <2° significantly
increased at 1 min after standing up, whereas the SBP in
male patients with a SVV >2° tended to decrease at 1 min
after standing up. A similar result was found in the
response of the DBP after standing up (Table 2). There
were no significant differences in the SBP and DBP
responses after standing up between male patients with
CP% <25% and male patients with CP% >25% (P > 0.05,
Table 2). In female patients, the BP responses after stand-
ing up were not affected by the degree of SVV and the CP%
(P> 0.05, Table 3).

A total of 22% of the male patients in the absent VEMP
group fulfilled the criteria for OH proposed by the AAS
(Freeman et al. 2011), while only 7.9% of patients in the
asymmetry VEMP group and 7.7% of patients in the nor-
mal VEMP group met the criteria for OH (P = 0.058). In
the female patients, the positive ratios were 16.7% in the
absent VEMP group, 3% in the asymmetry VEMP group
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Fig.3 The change of the SBP, 120 - absent VEMP
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and 10% in the normal VEMP group. There were no signifi-
cant differences in the positive ratios among the three groups
(P> 0.05). In all participants, 19.6% of patients in the absent
VEMP group fulfilled the criteria for OH, which was signifi-
cantly > the 8.6% in the normal VEMP group and the 7.2%
in the asymmetry VEMP group (P = 0.03, P = 0.02).

Discussion

Complaints of light-headedness and even fainting when
standing up are related to a marked transient decrease in the
arterial BP that also occurs in healthy subjects upon stand-
ing up. This initial BP response to the upright position is
exclusively associated with active rising. In passive tilting,
any decrease in the BP is much smaller and in most cases is
absent. The response thus appears to be due to muscle con-
traction. The effort of standing compresses the venous ves-
sels in the contracting muscle of the legs, which causes an
immediate translocation of blood toward the heart and
increase the cardiac output. The increase in cardiac output
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is not sufficient to make up for the drop in the total periphe-
ral resistance induced by standing up, resulting in a tran-
sient decrease in the SBP (Wieling et al. 2007). The abrupt
increase in HR upon standing, which peaks at ~3 s after the
onset of standing up, induces an abrupt inhibition of cardiac
vagal tone. These effects can be attributed to diminished
activation of the arterial baroreceptors by the temporary
decrease in BP and the arterial BP recovers after ~7 s. The
magnitude of the decrease of the initial BP and the increase
of the initial HR on standing up are increased by lengthen-
ing the period of preceding rest (Wieling and Lieshout
1997). Hypothetically, the increase in the arterial BP via the
vestibular-cardiovascular pathway resulting from the
changes in the graviceptive signals may support the recov-
ery of the BP immediately after standing up.

A possible role of signaling via the vestibular-cardio-
vascular pathway, which acts in a feed-forward system,
may be to prevent a decrease in BP by shifting the blood
flow to the lower body during standing, rather than regu-
lating the arterial BP (Kaufmann et al. 2002; Tanaka et al.
2009). However, the increase in the arterial BP via the
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Table 2 .The d@ﬁ“erence in the Rest 1 min > min 3 min
orthostatic cardiovascular re-
sponses between two groups of A
male patients classified by their R
degree of SVV or their CP% SVV <2° (n=99)
SBP (mm Hg) 1232 £ 12.6 126.1 & 18.6* 1245+ 152 125.2 £ 13.8*
DBP (mm Hg) 75.7+9.8 75.6+11.3 779 £ 11.1** 79.6 £ 10.3**
. . HR 7.8 £13.7 . 6%* 81.5 4 17.8** 81.5 £ 17.9%*
The differences in the changes of (bpt:l) 87 842£17.6
the SBP, DBP and HR after SVV>2° (n=28)
standing up between two groups SBP (mm Hg) 123.4 4+ 10.1 1214 £ 11.1 1216 - 11.2 124.0 + 10.0
Ohf {mge Paﬁenftss %S(lsﬁ\% bY2 DBP (mm Hg) 76.0 £ 8.5 73983 783+ 11.0 79.5 & 10.7%*
their degree o <2°
vs. SVV >2°, A) and the CP% HR (bpm) 69.0 £10.0 83.6 4 11.8** 81.5 4+ 12.7** 80.6 = 12.5**
(CP% <25%vs. CP% >25%,B) B
The values show the average and CP% <25% (n = 68)
SD SBP (mm Hg) 1223+ 114 124.7 £ 17.0 123.9 =132 124.7 £+ 12.6*
SBP systolic blood pressure, DBP (mm Hg) 75.2 8.8 754+ 10.0 77.7 & 10.5%* 80.0 & 10.3%*
DBP diastolic blood pressure, *% ok
HR heart rate, SVV subjective vi- HR (bpm) 67.7+10.6 84.7 4 14.5 8234 15.0 82.2 + 15.0
sual vertical, CP% canal paresis CP% >25% (n=59)
percentage SBP (mm Hg) 1243 +10.1 1255+ 11.1 12374+ 112 125.1 +10.0
**, * Significant difference from DBP (mm Hg) 76.3 £10.2 749+ 115 783 £ 11.7* 79.1 & 10.5%*
g‘it;tgg“ at P <0.01 and HR (bpm) 68.5+98 83.4 + 11.3%* 80.7 & 12.2%+ 80.4 + 12.3%*
Table 3 The differences in the : . -
orthostatic cardiovascular re- Rest ! min 2 min 3 min
sponses between two groups of A
female patients classified by the .
degree of SVV or CP% SVV <2° (n=93)
SBP (mm Hg) 1133 +10.8 113.2 £ 12.7 1145 £ 123 115.2 &+ 14.7*
DBP (mm Hg) 66.8 £9.0 67.5+9.1 69.4 - 10.7** 69.3 & 10.1**
K i X HR (bpm) 67.8 +10.9 82.5 4 13.2%* 80.4 & 12.8%* 80.5 -+ 12.3%*
The differences in the changes in o
the SBP, DBP and HR after SVV>2° (n=28)
standing up between two groups SBP (mm Hg) 1132+ 11.0 113.8 £ 16.7 113.4 £ 16.7 115.0 £ 14.7
of female patients classified by DBP (mm Hg) 65.1£7.9 67.4 + 8.4%* 67.4 4 10.4* 69.2 == 9.8%*
their degree of SVV (SVV <2° o - .
vs. SVV >2°, A) and their CP% HR (bpm) 65.3 4+ 10.6 83.1+123 79.3 £ 12.3 779 £+ 12.1
(CP% <25% vs. CP% >25%, B)
The values show the average and CP% <25% (n=105)
SD SBP (mm Hg) 112.8 £ 10.7 112.8 £ 12.9 113.8 +-12.8 114.7 £ 12.3*
SBP systolic blood pressure, DBP (mm Hg) 66.6 = 8.7 67.6 & 8.9* 69.1 & 10.5%* 69.3 £ 10.1**
DBP diastolic blood pressure.
K HR . 0. . Bl 0.6 4= 12.5%* 80.4 £ 12.2%*
HR heart rate, SVV subjective ) (bpm3 676109 826+131 8
visual vertical, CP% canal CP% >25% (n=16)
paresis percentage SBP (mm Hg) 1160+ 11.4 117.0 £ 15.1 116.9 + 16.8 118.3 £ 15.8
** * Significant difference from DBP (mm Hg) 64.9 + 8.8 67.2 & 8.7* 675+ 114 69.4 £ 9.9**
that at rest at P < 0.01 and HR (bpm) 64.7 + 104 82.6 + 12.0%* 77.3 & 13.2%* 76.6 & 12.8%*

P<0.05

vestibular-cardiovascular pathway can be induced by
changes of the graviceptive signal, but not by the changes
in the arterial BP resulting from a shift in the blood flow.
The system therefore has an error, potentially leading to
an over-increase in the BP although this can be usually
corrected by a negative feedback system, such as barore-
flex. One study has clearly demonstrated that there are
increases in muscle sympathetic nerve activity and calf
vascular resistance during head-down rotation. These

responses are mediated by an engagement of the otolith
organs and not the semicircular canals (Ray and Carter
2003). The adjustment and increase of BP by the otolith
organ are entirely appropriate during active movement;
however, they may be inappropriate when provoked by
passive movements.

Measuring the initial responses (the first 30s) after
standing up may be an effective way to detect the effects of
vestibular disorders on BP responses after standing up.
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