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Abstract
Background
The function of the peripheral vestibular system can nowadays be
quantified. The video head impulse test (vHIT) and caloric irri-
gation are used for the semicircular canals, cervical vestibular
evoked myogenic potentials (cVEMP) for the sacculus, and ocular
vestibular evoked myogenic potentials (oVEMP) for the utriculus.
Because there is no agreement on normal and pathologic values, we
performed a worldwide survey.

Methods
A web-based standardized survey questionnaire was used to collect data on “reference values”
and “cutoff” values. Thirty-eight centers from all continents (except Africa) replied.

Results
“Reference values”: vHIT: mean for the vestibulo-ocular reflex gain of the left horizontal canal
0.91 (range: 0.7–1.01) and of the left horizontal canal 0.92 (0.7–1.05); side difference 0.15
(0.25–0.3). Caloric irrigation: mean peak slow phase velocity of caloric-induced nystagmus for
warm (44°C) water 18.65°/s (12–30°/s); cold (30°C) water 18.21°/s (10–25°/s). cVEMP:
P13-N23 amplitude mean for the lower limit 28.67 μV (16–50 μV); upper limit 200 μV
(50–350 μV). “Cutoff values”: vHIT: side difference 0.26 (0.1–0.4), bilateral vestibulopathy
<0.61 (0.3–0.8); unilateral vestibulopathy (UVP) <0.68 (0.4–0.8). Caloric irrigation pathologic
side difference mean 25.93% (17.7%–40%) or 12°/sec (5–30°/s); side difference UVP 26.73%
(20%–40%) or 29.8°/s (5–100°/s). cVEMP: P13/N23 amplitude mean lower cutoff 32.5 μV
(15–50 μV), mean upper cutoff 125 μV (50–200 μV), asymmetry 36.08 μV (20–50 μV).

Conclusion
This worldwide survey showed a large variability in terms of reference and pathologic cutoff
values in the 38 centers included. Therefore, standardization of how to achieve these values and
agreement on which values should be used is highly warranted to guarantee a high quality of
vestibular testing and interpretation of clinical and scientific results.

Nowadays, the function of the peripheral vestibular system can be quantified using the video
head impulse test (vHIT) for the high frequency of the angular vestibulo-ocular reflex
(aVOR), caloric testing for the low frequency of the aVOR of the semicircular canals, and
vestibular evoked myogenic potentials (VEMP) for the otolith organs.1–3 These laboratory
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tests are used worldwide in clinical practice and in research.
For instance, 360+ articles listed on PubMed have been
published with the vHIT and 1500+ with the VEMP.

In particular, while working on the classification of vestibular
disorders, such as bilateral vestibulopathy4 or acute unilateral
vestibulopathy (UVP) (“vestibular neuritis”), we realized
that there seems to be a wide range of what are assumed to be
“normal” and “pathologic” values for the outcome parame-
ters of these laboratory tests in terms of absolute values and
side differences. This also became apparent during elabora-
tion of the current practice guidelines for cervical VEMP
(cVEMP) and ocular VEMP (oVEMP).2 Important meth-
odological issues are the variety in devices, variety in test
conditions and test execution, different stimulation and re-
cording techniques, various ways of analyzing and inter-
preting the data, and the fact that “normative values” derive
from various sources.

All these aspects have major implications, such as the di-
agnosis of a clinically relevant vestibular deficit and thereby
a diagnosis made by the doctors in daily clinical practice; the
classification of vestibular disorders; and the comparison of
findings between different laboratories. Therefore, we per-
formed a standardized worldwide web-based survey, sup-
ported by the Bárány Society, on quantitative laboratory
testing to evaluate the following questions: Which systems
are used? How are “normal” and “pathologic” findings

derived? What are the reported absolute and relative normal
and pathologic values and side differences for testing semi-
circular and otolith function? On the basis of this survey,
recommendations can be given for the standardization of
quantitative vestibular testing, including what clinically
meaningful vestibular deficits are. This will have a major
effect on future clinical practice and research. Finally, the
issues we evaluated here are not limited to only vestibular
testing but apply to all fields in medicine, and we should
always be aware of such limitations.

Methods
Data collection procedures and participants
Data were collected cross-sectionally by means of an online
survey conducted between August 2017 and July 2018. Po-
tential participants were identified via the members of the
International Bárány Society and the members of the Diz-
zyNet, a European network initiative for vertigo and balance
research, and using a snowball approach to ensure inclusion
of the most experienced centers and laboratories for man-
agement and research of vestibular disease.

Respondents entered their data directly in an online survey in-
strument hosted at soscisurvey.de.Datawere stored andmanaged
on a virtual server with a static Internet Protocol, fixed domain,
and Secure Sockets Layer certificate situated within the hospital
firewall. Nonresponders were reminded to send their data.

Figure 1 Centers that replied to the worldwide survey in 5 continents, including the estimated number of dizzy patients
they examine per year
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Standard protocol approvals, registrations,
and patient consents
Because neither patients nor healthy controls were directly
included, neither an approval nor a registration or patients’
consents were required for this survey.

Measures
The online survey questionnaire consisted of 102 items,
including questions on the structural parameters of the
participating centers, such as the average number of
patients with vertigo per year and the medical specializa-
tion. Nine quantitative tests of vestibular function were
examined in detail: (1) vHIT, (2) caloric testing, (3)
cVEMP, (4) oVEMP, as well as (5) subjective visual ver-
tical (SVV), (6) scleral search coil, (7) rotatory chair, (8)
posturography, and (9) gait analysis; (5) to (9) are not
reported. Respondents were asked which of the 9 tests each
center used for diagnosis, which device/instrument/
system was used, which thresholds and ranges of test val-
ues were used, and if these thresholds and ranges had been

defined by own studies. The questionnaire was available in
English only.

Statistical analysis
Ranges and upper/lower limits or means were calculated for
continuous measures; percentages were calculated for categor-
ical measures, where appropriate. For vHIT and caloric irriga-
tion, side differences were evaluated. Outliers were identified
graphically and excluded from analysis if they were considered
to be invalid in an expert’s opinion. Descriptive statistical
analysis was performed with IBM SPSS Statistics 25.0.0.1.

Data availability
Anonymized data will be shared on request by any qualified
investigator.

Results
This study includes data of n = 38 centers from 20 different
countries across the world (figure 1), from all continents

Figure 2 Video head impulse test (vHIT)

(A) Median, interquartile range (the
middle 50% of the values), minimum,
and maximum of referential VOR
gain for vHIT. (B) Median, inter-
quartile range (the middle 50% of the
values), minimum, and maximum of
VOR side difference for the vHIT. (C)
Median, interquartile range (the
middle 50% of the values), minimum,
and maximum of cutoffs for the di-
agnosis of bilateral vestibulopathy
and unilateral vestibulopathy for
vHIT. VOR = vestibulo-ocular reflex.

Neurology.org/CP Neurology: Clinical Practice | Volume 10, Number 5 | October 2020 381

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/cp


except Africa. Centers reported an annual average of
2847 patients (SD, 5,304.1; range 20–25,000). Table e-1
(links.lww.com/CPJ/A139) summarizes the various tech-
nical systems used for vestibular testing.

Usage of the various technologies
Thirty-three of 38 centers (86.8%) reported using vHIT. The
same number reported using caloric irrigation. Twenty-eight
centers (73.7%) reported using cVEMP and 25 centers

Table 1 Mean reference values and cutoffs for the vHIT, caloric testing, and oVEMP and cVEMP

Variables (n) Mean (SD) Range

vHIT

Reference VOR gains Side difference (n = 9) 0.15 (0.09) 0.25–0.3

Left Mean (n = 12) 0.91 (0.09) 0.7–1.01

Lower limit (n = 15) 0.77 (0.07) 0.7–0.9

Upper limit (n = 14) 1.1 (0.11) 0.9–1.3

Right Mean gain (n = 12) 0.92 (0.1) 0.7–1.05

Gain lower limit (n = 15) 0.78 (0.07) 0.7–0.9

Gain upper limit (n = 14) 1.11 (1.11) 0.9–1.3

Cutoff values Side difference (n = 10) 0.26 (0.1) 0.1–0.4

For bilateral vestibulopathy (n = 20) 0.61 (0.14) 0.3–0.8

UVP (n = 23) 0.68 (0.13) 0.4–0.8

Caloric irrigation

Reference values

Warm water Mean (°/s, n = 8) 18.65°/s (6.3) 12–30 °/s

Lower limit (°/s, n = 15) 8.6°/s (3.4) 4–15°/s

Upper limit (°/s, n = 13) 39.8°/s (22.69) 15–80°/s

Cold water Mean (°/s, n = 9) 18.21°/s (4.53) 10–25°/s

Lower limit (°/s, n = 15) 8.72°/s (3.71) 4–15°/s

Upper limit (°/s, n = 13) 36.91 (19.08) 20–80°/s

Cutoff values General (%, n = 19) 25.93% (4.48) 17.7–40%

General (°/s, n = 4) 12°/s (12.03) 5–30°/s

Bilateral vestibulopathy (sum of cold and
warm irrigation of both sides in °/s, n = 14)

14.29°/s (9.03) 4–30°/s

UVP (side difference in %, n = 15) 26.73% (4.48) 20–40%

UVP (side difference of sum of cold and warm
irrigation in °/s, n = 4)

12.25°/s (11.87) 5–30°/s

cVEMP: P13 to N23 amplitude

Reference value Lower limit (μV, n = 3) 28.67 μV (18.58) 16–50 μV

Upper limit (μV, n = 3) 200 μV (150) 50–350 μV

Cutoff values Asymmetry ratio (μV, n = 12) 36.08 μV (9.59) 20–50 μV

oVEMP: N10 to P16 amplitude

Reference values Lower limit (μV, n = 1) 2 μV (0) 2–2 μV

Upper limit (μV, n = 1) 10 μV (0) 10–10 μV

Cutoff values Asymmetry ratio (μV, n = 12) 35.94 μV (8.79) 20–50 μV

Abbreviations: cVEMP = cervical vestibular evoked myogenic potentials; oVEMP = ocular vestibular evoked myogenic potentials; UVP = unilateral
vestibulopathy; vHIT = video head impulse test; VOR = vestibulo-ocular reflex.
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(65.8%) oVEMP. Twenty-three centers (60.5%) reported
using SVV. Five centers (13.2%) reported using the scleral
search coil and 23 centers (60.5%) the rotatory chair.
Twenty-four centers (63.2%) reported using posturography
and 10 centers (26.3%) gait analysis (for details, see table e-1,
links.lww.com/CPJ/A139).

Video head impulse test
For the vHIT, 18 centers (47.3%) reported that they had
performed their own validation study to determine cutoffs,
whereas 10 centers (26.3%) reported that they had not, and
a further 10 centers (26.3%) did not answer this question.
The reported mean referential vestibulo-ocular reflex (VOR)
gain in horizontal orientation was 0.91 (SD, 0.09; range,
0.7–1.01) for the left side and 0.92 (SD, 0.1; range, 0.7–1.05)
for the right side (figure 2A). The reported mean referential
VOR side difference for vHIT in horizontal orientation was
0.15 (SD, 0.09; range, 0.25–0.3). The reported mean VOR
side difference in horizontal direction considered to be
critical in general was 0.26 (SD, 0.1; range, 0.1–0.4) (figure
2B). For the diagnosis of bilateral vestibulopathy, the cutoff
was 0.61 (SD, 0.14; range, 0.3–0.8). For the diagnosis of
UVP, the cutoff was 0.68 (SD, 0.13; range, 0.4–0.8) (figure
2C). In table 1, the results are described in detail for the
reference values and cutoff values.

Caloric irrigation
For caloric irrigation, 12 centers (31.6%) reported that they
had performed their own validation study to determine cut-
offs, whereas 12 centers (31.6%) reported that they had not,
and a further 14 centers (36.8%) did not answer. The
reported mean reference value for caloric irrigation (peak
slow phase velocity of the caloric-induced nystagmus, deg/
sec) using warm water was 18.65°/s (SD, 6.3°/s; range,
12–30°/s). For caloric irrigation using cold water, it was

18.21°/s (SD, 4.53°/s; range, 10–25°/s) (figure 3A). The
mean cutoff for the side difference was 25.93% (SD, 4.48%;
range, 17.7%–40%) or 12°/s (SD, 12.03°/s; range, 5–30°/s).
For bilateral vestibulopathy (sum of the mean peak slow
phase velocity of both sides for warm and cold irrigation in
deg/sec), the reported mean cutoff for the side difference
was 14.29°/s (SD, 9.03°/s; range, 4–30°/s). For the diagnosis
of UVP, the cutoff for the side difference was 26.73% (SD,
4.48%; range, 20%–40%) according to Jonkees formula
(figure 3B) or for the absolute values (sum of warm and cold
irrigation), 12.25°/s (SD, 11.87; range, 5–30°/s) (for details,
see table 1).

Vestibular evoked myogenic potentials
For cVEMP, 6 centers (15.8%) reported that they had per-
formed their own validation study to determine cutoffs,
whereas 10 centers (26.3%) reported that they had not, and
a further 22 centers (57.9%) did not answer. The reported
lower reference limit of cVEMP P13 to N23 amplitude (μV)
was 28.67 μV (SD, 18.58 μV; range, 16–50 μV); the reported
upper reference limit was 200 μV (SD, 150 μV; range,
50–350 μV) (figure 4A and table 1). The mean cutoff value
for the asymmetry ratio of the P13 to N23 amplitude was
36.08 μV (SD, 9.59 μV; range, 20–50 μV) (figure 4B). Five
centers (13.2%) reported that they had performed their own
validation study to determine cutoffs for oVEMP, whereas 8
centers (21.1%) reported that they had not, and a further 25
centers (65.8%) did not answer. For oVEMP, we received
only 1 reply on the lower and upper reference limits of the
N10 to P16 amplitude: they were 2 μV (SD, 0; range, 2–2)
and 10 μV (SD, 0; range, 10–10 μV). The reported mean
cutoff for the asymmetry ratio was 35.94 μV (SD, 8.79 μV;
range, 20–50 μV). Reference values and cutoffs are also
displayed in table 1. Figure 1 shows the distribution of
values.

Figure 3 Caloric irrigation

(A) Median, interquartile range
(the middle 50% of the values),
minimum, and maximum of ref-
erence values of the mean peak
slow phase velocity for caloric irri-
gation. (B) Median, interquartile
range (the middle 50% of the val-
ues), minimum, and maximum
cutoffs for side difference in % for
the diagnosis of unilateral vesti-
bulopathy for caloric irrigation.
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Discussion
This worldwide survey focuses on reference and pathologic
values of 3 laboratory tests for vestibular testing, which are
widely used: vHIT for the high-frequency aVOR, caloric testing
for the low-frequency aVOR, and VEMP for otolith function.

For the vHIT, normative values can arise from: (1) published
data in healthy controls (e.g., Refs. 5, 6); (2) recommendations
by the manufacturers of the devices; and (3) data based on
studies in healthy subjects within each hospital. One should
thus also take the following aspects into consideration: the
various devices used for the vHIT differ in terms of eye velocity
detection, artifact rejection, and algorithms applied to calculate
the VOR gain, e.g., the area under the curve or peak angular eye
and head velocity7,8; the age of the subjects, which requires
normative values for each decade,9,10 sex and ethnic groups. In
addition, recently a significant 5% so far unexplained right-left
imbalance of the normal values for the vHIT depending on the
position of the video camera in front of the eye of the individual
was detected.11

Although Robert Bárány already described caloric irriga-
tion in 1907,12 there is still no consensus about normal

absolute or relative values or correcting values for age
reported in the literature.13–16 For instance, the average
maximum slow phase varies between laboratories from
14.9 to 29.7°/s for cold irrigations and from 12.1 to 30.9°/s
for warm irrigations.13,17,18 This variability may partly be
due to uncontrollable factors, such as differences in the
anatomy of the temporal bone (differences in temperature
conduction), and controllable factors, such as stimulus
parameters and technical skills optimized to absolutely
avoid any visual suppression.17 The asymmetry between
labyrinths may be up to 19% and still be within the normal
range.17 For caloric irrigation, a side difference >20% to
25% according to Jonkees formula19 has been assumed to
be pathologic for decades, but this has not been really
validated in up-to-date studies taking into consideration
signs and symptoms of patients (for Ref. 16).

For cVEMP and oVEMP, the situation is even more difficult,
in particular because of the various stimulation and recording
paradigms used (for Refs. 20, 21). There may be large var-
iations, even within the same laboratory depending on the
individual technician who performs the study, as was dem-
onstrated for the VEMP.22

Therefore, we performed a worldwide survey on the quan-
titative vestibular testing of the function of the semicircular
canal function by vHIT and caloric testing and of the otolith
function by c/oVEMP to evaluate the current status in vari-
ous centers. The major findings are as follows:

First, only about 50% of the centers have their own normative
values for vHIT and only 30% for VEMP. The other centers
evidently use the values given by the companies distributing
the technology, use data from other studies in healthy con-
trols, or it remained unclear. We think that there is a bias,
which reflects an even worse situation in clinical practice
because we can assume that it was the better qualified centers
that replied to the survey.

Figure 4 cVEMP and oVEMP

(A)Median, interquartile range (the
middle 50% of the values), mini-
mum, and maximum of reference
values for the P13 to N23 ampli-
tude in cVEMP. (B) Median, inter-
quartile range (the middle 50% of
the values), minimum, and maxi-
mum of cutoffs for asymmetry ra-
tio for cVEMP and oVEMP in %.
cVEMP = cervical vestibular evoked
myogenic potentials; oVEMP = oc-
ular vestibular evoked myogenic
potentials.

There is a wide range of reported

“normal or lower/upper reference

limits” and pathologic “cutoff” values

for the diagnosis of unilateral and

bilateral vestibular semicircular canal

and otolith organ deficits.
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Second, there is a wide range of reported “normal or lower/
upper reference limits” and pathologic “cutoff” values for the
diagnosis of unilateral and bilateral vestibular semicircular
canal and otolith organ deficits. There is also an overlap
between what is assumed to be normal and pathologic be-
tween the different centers. This makes the diagnosis of
a vestibular dysfunction and a comparison of data reported in
the literature from various laboratories very difficult.

Third, it also became evident that there is also no agreement
as to whether absolute quantitative values (e.g., in deg/sec or
μV) or relative values are more appropriate, as was already
reflected in the past by using Jonkees formula19 instead of
absolute differences for comparing caloric excitability.

Fourth, there is no agreement between “lower/upper refer-
ence limit” vs pathologic cutoffs to define a clinically relevant
unilateral or bilateral vestibular deficit.

What are the strategies to solve these issues? In theory, some
of them seem simple and straightforward. They may sound
trivial but are necessary to guarantee the quality of these
laboratory examinations and also the definition of what is
assumed to be “pathologic”.

First, it is recommended that each specialist center should
evaluate their own normative values in healthy subjects. This
also includes measurements across all age brackets—with
a sufficient number of individuals for each age bracket (the
sufficient number will depend on measurement precision
and expected age gradient)—because vestibular function
slowly decreases during aging (for Refs. 23, 24). There is,
for instance, a decline of normal horizontal VOR velocity
gain by 0.017 per decade (95% confidence interval
0.006–0.029; p = 0.005).25 Notably, this requires specific
reference values for aged adults and for children. Further-
more, possible sex or ethnic group differences should also be
considered. Any reference range should be determined
based on the natural variability and on the empirical pre-
cision and reliability that can realistically be attained. Ide-
ally, measuring a reference group of healthy controls and
a group of patients with known diagnoses should give an
idea of natural variability and clinically relevant thresholds.

Likewise, measuring the same group of patients repeatedly
by the same or by varying investigators will give estimates of
the inter- and intra-rater and test and retest reliability of the
respective measurements.

If such an approach is not possible, for instance, in smaller
centers or, of course, a private practice, the user should either
refer to published studies performed with the specific device
or reference values given by the manufacturer, which have to
be based on methodologically state-of-the-art studies. This
could also mean that these companies have to perform such
studies and deliver the data with their devices. Finally, the
American Academy of Neurology (AAN) and the Bárány
Society are working on standardization and classification
papers, which can also be the basis of more precise diagnosis.

Second, the situation could be even worse because—as
mentioned above—there may even be a relevant variability
between individual medical technicians who perform the
tests, which was demonstrated by a systematic study on
VEMP.22 Therefore, a standardization of the examination
and evaluation procedures and of the training of the tech-
nicians is a prerequisite for each laboratory with continuing
medical and technical education with certification.

Third, in publications, the methods and analysis used must be
described very precisely, in particular for VEMP because of the
various stimulation and recording procedures. The normative
values for each laboratory must be explicitly stated. Finally, in
publications, a sufficient number of original recordings have to
be shown—at least in the supplement—so that the reviewers
and readers can evaluate the quality of the measurements.

Fourth, the definition of clinically relevant cutoff values for
impaired unilateral and bilateral vestibular function seems to
be even more challenging because this requires additional
measures, including patients’ symptoms, quality of life, and
functioning26 of dizzy patients, which may serve as the gold
standard for dysfunction and vice versa. Even worse, a fre-
quently used scale, the Dizziness Handicap Inventory does
not correlate with measured vestibular deficits, as was shown
in a study with 799 patients.27 All in all, in this area, we are
facing a general problem in all fields of medicine, i.e., how
well do laboratory findings, ranging from clinical chemistry
to MRI studies, correlate with patients signs and symptoms?
One approach is to have standardization committees, as the
AAN or the Bárány Society have, to agree on such measures
and the clinical relevance of laboratory tests. This was, for
instance, done for VEMP by the AAN2 and by the Bárány
Society to define bilateral vestibulopathy: for its diagnosis, it
is required that the horizontal aVOR gain on both sides is
<0.6 (angular velocity 150–300°/s) and/or the sum of the
maximal peak velocities of the slow phase caloric-induced
nystagmus for stimulation with warm and cold water on each
side is <6°/s.4 These values are intentionally below the
“lower/upper reference limits” to achieve a high specificity
for the diagnosis.

Ideally, measuring a reference group

of healthy controls and a group of

patients with known diagnoses

should give an idea of natural

variability and clinically relevant

thresholds.
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This study has several limitations. First, there is evidently
a bias because not all centers that received an invitation
replied and we do not exactly know how many centers
ultimately received an invitation because of our snowball
approach. However, one can assume that it was probably
the better organized centers that submitted their data.
Second, 38 centers is a relatively small number. However,
several reminders were sent to various centers all over the
world.

In conclusion, this worldwide survey on vestibular testing
demonstrates a large variability on what are assumed to be
“normative values” for vHIT, caloric irrigation, and VEMP.
Substantial improvement can be achieved by elaborating
these values for healthy individuals for each decade of life in
each center, combined with continuing training of doctors
and technicians on how to perform the recordings and in-
terpret the results. This will have a major effect on clinical
practice and research. Finally, we should always keep
in mind that in clinical practice, we should not treat sin-
gle laboratory values but patients with their signs and
symptoms.
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The authors thank Stefan Hübinger for programming the web
site for the worldwide survey and Katie Göttlinger for
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TAKE-HOME POINTS

This worldwide survey with 38 centers from 4
continents on laboratory testing of semicircular and
otolith function showed a high variability of refer-
ence values and pathologic cutoff values.

This implies that the same patient would be
classified as having a “normal” vestibular function in
one center and “impaired” vestibular function in
another center.

Ideally specialist centers with high numbers of
patients should therefore generate their own
reference values for each test.

Other centers and doctors in clinical practice could
use the reference values for the device used either
based on the literature or given by the company if
based on solid studies.
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