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Abstract

Purpose There is a paucity of age- and vascular risk factor-stratified video head impulse test (vHIT) vestibulo-ocular reflex
(VOR) data in the literature. The aim of this study was to investigate the vHIT VOR properties in healthy subjects of differ-
ent ages and subjects with vascular risk factors.

Methods This was a prospective observational single-center study at a tertiary referral university hospital in northern Swe-
den. Healthy participants and subjects with vascular risk factors were investigated with a floor standing external camera
VHIT device. Age-stratified mean VOR gain among healthy adults and between group gain and gain asymmetry differences
were calculated.

Results We included eighty-eight healthy adults with a mean (range) age of 50 (22-85) years and n =48 stroke ward patients
with vascular risk factors (but without vestibular disease) with a mean (range) age of 74 (42-92) years. The mean VOR gain
of horizontal canals decreased at higher ages in healthy subjects (r=—0.32, p <0.01, n=167 canals). The age-stratified
mean (SD) VOR gains were < 30 years: 0.98 (0.07), 30-39 years: 0.97 (0.07), 40-49 years: 0.98 (0.06), 50-59 years: 0.99
(0.06), 60—69 years: 0.93 (0.08),>70 years: 0.89 (0.15). No consistent differences between healthy subjects and subjects
with vascular risk factors were seen except for a trend towards more pronounced gain asymmetries in the latter group.
Conclusions Age, but not vascular risk factors influence VOR gain. Age-adjusted vHIT-measurements may be useful in
acute vertigo stroke risk differentiation.

Keywords Age effects - Neurotology - Vestibulo-ocular reflex (VOR) - Video head impulse test (vhit) - Normative data -
Vascular disease

Introduction peripheral lesion [3]. The video head-impulse test (vHIT)

offers a quantitative and objective approach to detect VOR

During acute vertigo with spontaneous or unilateral gaze-
evoked nystagmus the head impulse test (HIT) may aid to
differentiate between cerebrovascular disease and vestibu-
lar neuritis [1, 2]. During the bedside HIT the vestibulo-
ocular reflex is tested by delivering fast unpredictable head
rotations in the horizontal plane while the patient tries to
maintain gaze on an earth fixed target. If catch-up saccades
are noted by the examiner after the head rotation (overt
saccades) the test is considered positive, i.e. indicating a
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pathology which may also detect covert (i.e. during the
head rotation) saccades [4-6]. By recording the eye and
head velocities with high-speed cameras and computational
software, saccades both overt and covert can be detected
and the vestibulo-ocular gain can be calculated. Individual
quantitative testing for all six semi-circular canals (SCCs)
can be achieved by rotating the head in the plane of each
canal [7, 8]. Two previous publications showed a decrease in
VOR gain with increasing age [9, 10] while another one did
not [11]. There is a paucity of published normative values
for VOR gain and other vHIT measurements among sub-
jects with vascular risk factors which are common in patients
evaluated for suspected cerebrovascular disease.

This study aims to investigate the impact of vascular risk
factors and age on the outcome of VHIT investigations, and
to report normative values in healthy volunteers for all six
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SCCs using a floor standing external camera vHIT system
from SYNAPSYS, Marseille, France.

Materials and methods
Subjects

All participants provided written informed consent. Subjects
with vascular risk factors were recruited among patients
treated for anterior circulation ischemic strokes or TIAs at
the Stroke Ward at Umea University Hospital during the
summers of 2016 and 2017. Subjects were excluded for
radiologically verified cerebellar or brainstem lesions, focal
symptoms suggesting such lesions, a history of neurological
or vestibular disease, hearing loss other than presbyacusis,
current or chronic dizziness, recent (< 3 months) ophthalmic
surgery, a history of head trauma or cervical spine injury or
inability to provide informed consent, any prescribed drugs
apart from those related to the vascular risk factors. Prior
to VHIT subjects were interviewed about medical history
and vascular risk factors and underwent a standard NIHSS
assessment.

Healthy subjects were recruited mainly amongst hospi-
tal staff and relatives to inpatients and underwent vHIT as
detailed below. The same exclusion criteria as above were
applied together with any history of cerebrovascular disease
or known vascular risk factors such as untreated hyperten-
sion, congestive heart disease, hyperlipidemia, diabetes,
atrial fibrillation, ischemic heart disease, peripheral artery
disease, lung embolism or deep vein thrombosis. Well-reg-
ulated hypertension was accepted in the older (>70 years)
age band.

Cardiovascular risk stratification

To estimate cardiovascular risk load, the risk estimation
model CHA,DS,-VASc was used. This risk estimation
model is designed to predict ischemic stroke risk among
subjects with atrial fibrillation [12]. The following risk fac-
tors for stroke were scored: Congestive heart failure (1),
hypertension (1), age >75 years (2), diabetes mellitus (1),
stroke/TTA or thromboembolism (2), vascular disease (1),
age 65-74 years (1), sex category (one for female sex).

Video head impulse test

Head impulses were recorded with the Ulmer Synapsys
VHIT II system software version 14.1, as per the manufac-
turer’s instructions: At least five valid impulses per semi-
circular canal were collected. When testing the horizontal
canals, the head was tilted forward at an angle of 30° to
increase sensitivity [13]. Impulses were delivered in an
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unpredictable manner in time and direction in order to avoid
voluntary head movements which may increase VOR gain
[14]. The examiner’s hands were placed on the subjects fore-
head when applying rotation [15]. To maintain precision of
VOR gain estimates, a horizontal canals variance threshold
0of <0.10 and a vertical canals variance threshold of <0.15
were applied as per the manufacturer’s instructions and we
discarded visually identified outliers if needed to meet these
criteria.

The VOR gain threshold values suggested by the manu-
facturer were > 0.81 for the horizontal canals, and >0.71
for the vertical canals. Any canal with a mean gain lower
than those thresholds was considered pathological. There
is a paucity of normative threshold values for vHIT gain
asymmetry.

Statistical analyses and calculations

Descriptive statistics, analysis of correlations and calcula-
tions of gain asymmetry were made with IBM SPSS Statis-
tics (release 24.0). The Shapiro—Wilks test was used to test
for normality. Pearson’s Chi square test was used to compare
proportions of canals with gain below cut off and saccades;
the independent samples ¢ test was used to compare gain
means and the Mann—Whitney U test was used to compare
gain asymmetry medians. Pearson’s correlation coefficient
was used to test for correlations in continuous data and
Spearman’s rtho was used for non-parametric data.

Gain asymmetry (G,) was calculated in both horizontal
and vertical planes as

GA = lw] % 100,

(G, + Gg)

where G, denotes right sided mean gain and G; denotes left
sided mean gain [16]. Post-hoc power calculations suggested
97% power to detect a VHIT gain difference of 0.05 between
the healthy subjects and those with vascular risk factors, SD
0.1, alpha 0.05. The study was approved by the regional ethi-
cal review board in Umea (2014/284-31 with amendments)
and conducted in accordance with the ethical standards of
the Helsinki Declaration.

Results

Healthy subjects compared with subjects
with vascular risk factors

Eighty-eight healthy subjects with a median age of 50 years
and n=48 subjects with vascular risk factors with a median
age of 74 years participated in the study (Table 1). The group
with vascular risk factors had mostly mild stroke symptoms
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Table 1 Demographic
properties of healthy subjects
and subjects with vascular risk

Healthy subjects, n=88 Subjects with

vascular risk factors,

factors n=48

Female, n (%) 61 (69) 20 (42)
Age, years, median (range) 50 (22-85) 74 (42-92)
Level of education®

<9 years 4(5) 11 (23)

9 years 8(9) 10 (21)

12 years 7(8) 9(19)

> 12 years 68 (77) 17 (35)
Risk factors

Ever smoker 23 (26) 23 (48)

BMI, median (range)

Systolic blood pressure, median (range) n/a

CHA,DS,VASc, median (range)
NIHSS, median (range)

23.9 (17.6-36.4) 27.4 (19.1-43.8)

139 (112-189)
n/a 5(2-8)
n/a 1(0-8)

BMI Body mass index’ CHA,DS,VASc=Congestive heart failure, hypertension, age>75 years, diabetes
mellitus, stroke/TIA or thromboembolism, vascular disease, age 65-74 years, sex category’ NIHSS national
institute of health stroke scale. n/a not applicable

“Data on level of education missing in n=1 healthy subject and n=1 subject with vascular risk factors

with a median NIHSS score of 1 (range 0-8). Manual adjust-
ments of insufficient pupil tracking were applied in n=9
(10.2%) of healthy subjects and n=28 (16.7%) subjects with
vascular risk factors. Overall, the vHIT differences between
the two groups were small without any consistent trends except
for gain asymmetries which tended to be more pronounced in
subjects with vascular risk factors (Table 2).

Vestibulo-ocular reflex gain by age
and cardiovascular risk factor load

The horizontal, anterior and posterior canals mean
gains decreased with increasing age in healthy subjects
(Mhorizontal = — 0.32, p<0.01, n=167 canals; 7, erior=—0.23,
p<0.01, n=168 canals; ryyerior= —0.58, p<0.01, n=170
canals), absolute means values displayed in Table 3. In sub-
jects with vascular risk factors this association was only seen
in posterior canals (¥ izonar=—0.15, p=0.18, n=87 canals;
Fanterior = 0.05, p=0.63, n=83 canals; rperior=—0.31,
p<0.01, n=284 canals). There was no correlation between
horizontal or anterior canal mean gain and risk factor load
(CHA,DS,-VASc) in subjects with vascular risk factors
(Mhorizontal = 0.02, p=0.85, n=87 canals; r,erior =0.10,
p=0.35, n=83 canals), however again, such a correlation

was seen for posterior canals (ygerior= —0.23, p=0.04, n=384
canals).

Discussion

This study investigated vestibulo-ocular reflex data from
video head impulse tests among healthy subjects and
subjects with vascular risk factors but without vestibu-
lar diseases or posterior fossa stroke. The vestibulo-ocu-
lar gain decreased slightly with increasing age among
healthy subjects but few consistent differences between
healthy subjects and subjects with vascular risk factors
were found. This suggests that there is little need for con-
cern that vascular risk factors may spoil the video head
impulse test measurements, thus this test paradigm is
probably a valid tool to identify damage in the vestibular
system during acute onset vertigo work-up among patients
at risk for stroke. However, to avoid false positive find-
ings, video head impulse test devices would probably need
age adjusted gain cut-offs which to the knowledge of the
authors has not yet been adopted.

The lack of correlation between vascular risk factors
and horizontal canal vestibulo-ocular reflex gain among
subjects with vascular risk factors suggests that it is not
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Table 2 Vestibulo-ocular gain,
gain asymmetry and saccades
in all three semi-circular canal

planes in healthy subjects and
subjects with vascular risk
factors

Healthy subjects, n=_88 Subjects with vascular  p value
risk factors, n=48

Bilateral Horizontal

Valid canals® n=167 n=87

Gain, mean (SD) 0.95 (0.09) 0.93 (0.11) 0.09

Median (range) gain asymmetry 1.5 (0-37.4) 2.3(0-37.3) 0.19

N (%) canals with gain below cut-off® 10/167 (6.0) 10/87 (11.5) 0.12

N (%) canals with saccades 28/167 (16.8) 14/87 (16.1) 0.89
Anterior canals

Valid canals® n=168 n=2383

Gain, mean (SD) 0.95 (0.14) 0.99 (0.11) 0.03

N (%) canals with gain below cut-off? 10/168 (6.0) 1/83 (1.2) 0.08

N (%) canals with saccades 29/168 (17.3) 12/83 (14.5) 0.57
Posterior canals

Valid canals® n=170 n=84

Gain, mean (SD) 0.84 (0.15) 0.80 (0.14) 0.02

N (%) canals with gain below cut-off® 23/170 (13.5) 16/84 (19.0) 0.25

N (%) canals with saccades 34/170 (20.0) 21/84 (25.0) 0.36
LARP

Median (range) gain asymmetry 5.4 (0-91.8) 10.2 (1.5-27.0) <0.01
RALP

Median (range) gain asymmetry 5.7 (0-138.5) 9.5 (0-52.5) 0.13

The functional LARP and RALP planes were used for gain asymmetry calculations rather than bilateral
anterior and posterior. The independent ¢ test was used to compare means, the Mann—Whitney U test to
compare medians, and the Chi square test to compare proportions

SD Standard Deviation, LARP Left Anterior, Right Posterior, RALP Right Anterior, Left Posterior
#A valid horizontal canal had a sigma <0.1, and at least n=>5 approved impulses

b

manufacturer specified pathological gain cut off in horizontal canals <0.81

A valid vertical canal had a sigma <0.15, and at least n=>5 approved impulses

d

the risk factor load per se that drives the age-dependent
decline in vestibulo-ocular reflex gain seen by us and oth-
ers, [17-19] but rather some other age-related change(s)
in the tissues and functions of the vestibulo-ocular reflex.
Subjects recovering from stroke have been shown to
exhibit post-stroke fatigue leading to reduced attention
[20], which may explain the trend towards greater gain
asymmetries in subjects with vascular risk factors.

Some vestibulo-ocular reflex gains were > 1. This could
be due to software gain calculation characteristics or mis-
calibration of the measurement system. Whether this “over-
shoot” is consistent over the gain range, or only attributed to
the impulses of the highest gain remains to be investigated,
as consistently miscalculated gain values may lead to false
negative tests.

The healthy subjects were younger than the group with
vascular risk factors and this may have interfered with
the analyses, although it should be noted that despite this
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manufacturer specified pathological gain cut off in vertical canals <0.71

baseline skewness mean horizontal gain values did not
differ between the groups. The mean anterior and poste-
rior gains differed slightly (0.04) between the groups; this
was interpreted as without clinical significance. The age-
related gain decline seen in healthy subjects was evident
only at higher ages (> 60 years) which may explain the rel-
ative lack of such a trend among the subjects with vascular
risk factors with a median age of 74 years. A weakness of
this study is the lack of repeated measurements (prevent-
ing investigation of the test-retest reliability) and also the
lack of parallel testing with different video head impulse
test devices which may have been informative to highlight
device-dependent differences regarding the findings.

In summary this study suggests that age, but not vas-
cular risk factors, influence vestibulo-ocular reflex gain
measured with the video head impulse test. Future studies
in this area should focus on using the video head impulse
test in acute vertigo stroke risk differentiation, potentially
also investigate how applying age-dependent cut-offs for
vestibulo-ocular reflex gain influence the results.
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Table 3 Horizontal, anterior and posterior canal mean (SD) vestib-
ulo-ocular reflex gain measured with the video head impulse test by
age strata in n= 88 healthy subjects

Age Mean (SD) gain Number
of canals
Horizontal canals
<30 0.98 (0.07) 29
30-39 0.97 (0.07) 30
40-49 0.98 (0.06) 26
50-59 0.99 (0.06) 20
60-69 0.93 (0.08) 33
>70 0.89 (0.15) 29
Anterior canals
<30 0.95 (0.09) 31
30-39 0.98 (0.08) 30
40-49 1.00 (0.07) 25
50-59 0.96 (0.10) 20
60-69 0.93 (0.15) 35
>70 0.85 (0.25) 27
Posterior canals
<30 0.92 (0.08) 30
30-39 0.93 (0.07) 30
40-49 0.90 (0.07) 28
50-59 0.88 (0.10) 20
60-69 0.79 (0.09) 34
>70 0.66 (0.21) 28

SD Standard deviation

Author contributions This study was designed, supervised and funded
by JS. AH performed the vestibular investigations, collected the data,
and drafted the manuscript and tables. Both authors contributed equally
to the interpretation of the results.

Funding Open access funding provided by Umea University. This
study was funded by Synapsys, the Swedish Society of Medicine, the
Swedish Stroke Association, the Northern Sweden Stroke fund, the
Department of Clinical Science, Neurosciences, Umea University, and
through an agreement between Visterbotten County Council and Umea
University (ALF).

Compliance with ethical standards

Conflicts of interest A.H. reports no conflicts of interest. J.S. has re-
ceived material research support from Synapsys and Interacoustics,
and institutional consultancy fees from Mabion S.A.

Ethics approval The study was approved by the regional ethical review
board in Umed (2014/284-31 with amendments) and conducted in
accordance with the ethical standards of the Helsinki Declaration. All
subjects provided written consent to participate.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Newman-Toker DE, Hsieh YH, Camargo CA, Pelletier AJ, Butchy
GT, Edlow JA (2008) Spectrum of dizziness visits to US emer-
gency departments: cross-sectional analysis from a nationally
representative sample. Mayo Clin Proc 83(7):765-775. https://
doi.org/10.4065/83.7.765

2. Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker
DE (2009) HINTS to diagnose stroke in the acute vestibu-
lar syndrome: three-step bedside oculomotor examination
more sensitive than early MRI diffusion-weighted imaging.
Stroke 40(11):3504-3510. https://doi.org/10.1161/STROK
EAHA.109.551234

3. Newman-Toker DE, Kattah JC, Alvernia JE, Wang DZ (2008)
Normal head impulse test differentiates acute cerebellar strokes
from vestibular neuritis. Neurology 70(24 Pt 2):2378-2385. https
://doi.org/10.1212/01.wnl.0000314685.01433.0d

4. Jorns-Héderli M, Straumann D, Palla A (2007) Accuracy of the
bedside head impulse test in detecting vestibular hypofunction.
J Neurol Neurosurg Psychiatry 78(10):1113-1118. https://doi.
org/10.1136/jnnp.2006.109512

5. Weber KP, Aw ST, Todd MJ, McGarvie LA, Curthoys IS, Hal-
magyi GM (2008) Head impulse test in unilateral vestibular
loss: vestibulo-ocular reflex and catch-up saccades. Neurology
70(6):454-463. https://doi.org/10.1212/01.wnl.0000299117
.48935.2¢

6. Alhabib SF, Saliba I (2017) Video head impulse test: a review of
the literature. Eur Arch Otorhinolaryngol 274(3):1215-1222. https
://doi.org/10.1007/s00405-016-4157-4

7. Ulmer E, Chays A (2005) Curthoys and halmagyi head impulse
test: an analytical device. Ann Otolaryngol Chir Cervicofac
122(2):84-90

8. MacDougall HG, McGarvie LA, Halmagyi GM, Curthoys IS,
Weber KP (2013) Application of the video head impulse test
to detect vertical semicircular canal dysfunction. Otol Neurotol
34(6):974-979. https://doi.org/10.1097/MAO.0b013e31828d676
d

9. Teggi R, Trimarchi M, Gatti O, Fornasari F, Bussi M (2017)
Decrease of horizontal canal vestibulo-oculomotor reflex gain
in the elderly with dysequilibrium without lifetime vertigo.
ORL J Otorhinolaryngol Relat Spec 79(3):178-184. https://doi.
org/10.1159/000473894

10. Kim TH, Kim MB (2018) Effect of aging and direction of impulse
in video head impulse test. Laryngoscope 128(6):E228-E233.
https://doi.org/10.1002/lary.26864

11. McGarvie LA, MacDougall HG, Halmagyi GM, Burgess AM,
Weber KP, Curthoys IS (2015) The video head impulse test
(VHIT) of semicircular canal function - age-dependent normative
values of vor gain in healthy subjects. Front Neurol 6:154. https
://doi.org/10.3389/fneur.2015.00154

12. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ (2010)
Refining clinical risk stratification for predicting stroke and
thromboembolism in atrial fibrillation using a novel risk factor-
based approach: the euro heart survey on atrial fibrillation. Chest
137(2):263-272. https://doi.org/10.1378/chest.09-1584

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4065/83.7.765
https://doi.org/10.4065/83.7.765
https://doi.org/10.1161/STROKEAHA.109.551234
https://doi.org/10.1161/STROKEAHA.109.551234
https://doi.org/10.1212/01.wnl.0000314685.01433.0d
https://doi.org/10.1212/01.wnl.0000314685.01433.0d
https://doi.org/10.1136/jnnp.2006.109512
https://doi.org/10.1136/jnnp.2006.109512
https://doi.org/10.1212/01.wnl.0000299117.48935.2e
https://doi.org/10.1212/01.wnl.0000299117.48935.2e
https://doi.org/10.1007/s00405-016-4157-4
https://doi.org/10.1007/s00405-016-4157-4
https://doi.org/10.1097/MAO.0b013e31828d676d
https://doi.org/10.1097/MAO.0b013e31828d676d
https://doi.org/10.1159/000473894
https://doi.org/10.1159/000473894
https://doi.org/10.1002/lary.26864
https://doi.org/10.3389/fneur.2015.00154
https://doi.org/10.3389/fneur.2015.00154
https://doi.org/10.1378/chest.09-1584

2624

European Archives of Oto-Rhino-Laryngology (2021) 278:2619-2624

13.

14.

15.

16.

17.

Seo YJ, Park YA, Kong TH, Bae MR, Kim SH (2016) Head posi-
tion and increased head velocity to optimize video head impulse
test sensitivity. Eur Arch Otorhinolaryngol 273(11):3595-3602.
https://doi.org/10.1007/s00405-016-3979-4

Della Santina CC, Cremer PD, Carey JP, Minor LB (2002) Com-
parison of head thrust test with head autorotation test reveals that
the vestibulo-ocular reflex is enhanced during voluntary head
movements. Arch Otolaryngol Head Neck Surg 128(9):1044-1054
Patterson JN, Bassett AM, Mollak CM, Honaker JA (2015) Effects
of hand placement technique on the video head impulse test
(VHIT) in younger and older adults. Otol Neurotol 36(6):1061—
1068. https://doi.org/10.1097/MAO.0000000000000749
Schmid-Priscoveanu A, Bohmer A, Obzina H, Straumann D
(2001) Caloric and search-coil head-impulse testing in patients
after vestibular neuritis. J Assoc Res Otolaryngol 2(1):72-78

Li C, Layman AJ, Geary R, Anson E, Carey JP, Ferrucci L,
Agrawal Y (2015) Epidemiology of vestibulo-ocular reflex func-
tion: data from the baltimore longitudinal study of aging. Otol
Neurotol 36(2):267-272. https://doi.org/10.1097/MAO.00000
00000000610

@ Springer

18.

19.

20.

Mossman B, Mossman S, Purdie G, Schneider E (2015) Age
dependent normal horizontal VOR gain of head impulse test as
measured with video-oculography. J Otolaryngol Head Neck Surg
44:29. https://doi.org/10.1186/s40463-015-0081-7

Pogson JM, Taylor RL, Bradshaw AP, McGarvie L, D’Souza M,
Halmagyi GM, Welgampola MS (2019) The human vestibulo-
ocular reflex and saccades: normal subjects and the effect of age.
J Neurophysiol 122(1):336-349. https://doi.org/10.1152/jn.00847
2018

Hyndman D, Pickering RM, Ashburn A (2008) The influence of
attention deficits on functional recovery post stroke during the first
12 months after discharge from hospital. J Neurol Neurosurg Psy-
chiatry 79(6):656—663. https://doi.org/10.1136/jnnp.2007.125609

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00405-016-3979-4
https://doi.org/10.1097/MAO.0000000000000749
https://doi.org/10.1097/MAO.0000000000000610
https://doi.org/10.1097/MAO.0000000000000610
https://doi.org/10.1186/s40463-015-0081-7
https://doi.org/10.1152/jn.00847.2018
https://doi.org/10.1152/jn.00847.2018
https://doi.org/10.1136/jnnp.2007.125609

	Normative video head impulse test data in subjects with and without vascular risk factors
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Subjects
	Cardiovascular risk stratification
	Video head impulse test
	Statistical analyses and calculations

	Results
	Healthy subjects compared with subjects with vascular risk factors
	Vestibulo-ocular reflex gain by age and cardiovascular risk factor load

	Discussion
	References




