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Abstract 
Background and Aim: Vestibulo-ocular ref-

lex (VOR) gain is the central variable for 

estimating VOR function, and there are seve-

ral algorithms to calculate gain. The current 

study aimed to investigate the ability of VOR 

instantaneous gain and velocity regression as 

a possible physiological biomarker for diffe-

rentiating peripheral vestibular disorders of 

various etiologies. 

Methods: Video head impulse test (vHIT) 

was performed on 27 healthy volunteers 

(normal group) and 29 patients (pathologic 

group) including three types of peripheral 

vestibulopathies including unilateral Meni-

ere's disease, unilateral superior vestibular 

neuritis, and bilateral vestibulopathy. 

Results: Analyses indicated that the mean 

VOR instantaneous gain at 40 ms, 60 ms, 80 

ms, and velocity regression at 100 ms differ-

red significantly within the normal and path-

ologic groups. Also, complete normative data 

for VOR at 40 ms, 60 ms, and 80 ms instan-

taneous gain has been provided for the vHIT. 

Conclusion: The findings of this study 

suggest that different vestibular pathologies 

have a distinct effect on cupular-endolymph 

function, which could be tracked by VOR 

dynamic changes. 

Keywords: Vestibulo-ocular reflex; 

vestibular neuritis; Meniere's disease; 
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Introduction 

Neurophysiological investigation of oculo-

motor responses to quick head movements 

 is now widely used as an easy and nonin-

vasive method for correct diagnosis of peri-

pheral and central vestibular disorders. The 

head impulse test (HIT), first reported by 

Halmagyi and Curthoys, can be used to iden-

tify the vestibulo-ocular reflex (VOR) dys-

function by observing the overt catch-up sac-

cades that occur in the opposite direction  

of the head movement [1]. In addition, covert 

catch-up saccades can also occur during head 

movement to compensate the VOR deficit on 

the affected side. Observation of the covert 

catch-up saccades requires search coil or vid-

eo head impulse testing (vHIT) [2]. Search-

coil is the gold standard for quantification of 

VOR dynamics. However, it has several 

limitations compared to vHIT when used in 

clinical settings. Recent studies have shown a 
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significant correlation between the coil tech-

nique and vHIT in the quantification of VOR 

dynamics [2-4], and hence, vHIT has prac-

tical use in clinics. 

The main characteristics of vHIT in identi-

fying the vestibular deficits are VOR gain 

reduction and overt catch-up saccades. Diffe-

rent methods of VOR gain calculation have 

been reported in the literature; most of these 

methods are mainly derived from magnetic-

field coil systems. Instantaneous gain is ref-

erred to as the calculation of gain at any 

given time after head impulse [5,6], e.g. at 60 

ms. In addition to the instantaneous gain, the 

regression slope between the eye and head 

velocity can be calculated for a length of 

time after initiation of head impulse [6,7]. 

Also, a more recent technique called area  

or position gain has been introduced by 

MacDougall et al., in which the VOR gain is 

calculated as a function of the area under the 

desaccaded eye velocity and the head velo-

city curve [8]. Determining the VOR gain 

cut-offs in normal subjects by using vHIT 

instruments suggest similar results among 

different gain calculation methods. In the 

study by Mossman et al., instantaneous gain 

cut-off (two standard deviations below mean) 

was 0.79 at 80 ms [9]. Blödow et al. also 

reported the instantaneous gain cut-off of 

0.79 for 40-80 ms [10]. Luis et al. reported a 

0.78 low gain cut-off for regression gain 

[11], and Pérez-Garrigues et al. suggested 

0.80 cut-offs for position gain [12]. So far, 

however, there has been little discussion on 

the comparison of the abilities of these calcu-

lation methods to detect defective VOR res-

ponses in peripheral vestibular dysfunctions. 

By measuring the gain dynamics in various 

pathologies, it could be possible to clarify  

the physiological mechanism responsible for 

generating the oculomotor responses to head 

impulses. Therefore, the purpose of the cur-

rent study was to quantify the VOR response 

dynamics in different peripheral vestibular 

disorders by using the instantaneous gain and 

velocity regression algorithms. The author's 

premise was that the relationship between 

eye velocity and head velocity would be dif-

ferent in distinct peripheral vestibular eti-

ologies. 

 

Methods 

 

Participants 

Twenty seven healthy volunteers (13 women 

and 14 men), aged 18-75 years (mean= 

41.07±13.73), and 29 patients (13 women 

and 16 men), aged 25-86 years (mean= 

47.20±14.28), with three types of peripheral 

vestibulopathy were registered to participate 

in the experiment. Patients group included 

unilateral Meniere's disease (MD) (n=16), 

unilateral superior vestibular neuritis (VN) 

(n=11), and bilateral vestibulopathy (BV) 

due to systemic gentamicin therapy (n=2). 

None of the participants in the healthy con-

trol group had a history of auditory, vesti-

bular, visual, or neurological problems. All 

had normal middle ear function (supported 

by immittance findings), normal vestibular 

evoked myogenic potentials normal caloric 

response, and normal vHIT at the plane of 

horizontal semicircular canals. 

Diagnostic criteria for unilateral superior VN 

were based on a single (or a few) rotatory 

vertigo attack(s) lasting for several hours  

to several days, damaged peripheral vesti-

bular function proven by pathological side 

difference (>25%) at caloric testing, normal 

vHIT at the plane of posterior canals, and no 

cochlear signs or other neurological signs 

[13]. Diagnosis of unilateral MD was based 

on the guidelines published by the American 

Academy of Otolaryngology, Head, and 

Neck Surgery [14]. In cases of BV, the diag-

nosis was based on the positive history of 

ototoxic medication, findings on physical 

examination, and the bilateral weakness at 

bithermal caloric testing. None of the patients 

had central vestibular disorders or visual 

impairment. 

All procedures performed in this study were 

in accordance with the ethical standards of 

the Iran University of Medical Sciences Res-

earch Committee and with the Declaration of 
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Helsinki 1964 and its later amendments. Inf-

ormed consent was obtained from all indi-

vidual participants included in the study. 

 

Video head impulse test procedure 

The oculomotor responses were measured by 

EyeSeeCam
TM

 System (EyeSeeTec GmbH, 

Germany). EyeSeeCam vHIT has a mono-

cular camera, interchangeable between left 

and right eye, and an Inertial Measurement 

Unit gyroscope, which tracks the head mov-

ements in all planes. After firmly fitting  

the goggle on the participant’s head, the  

eye image was adjusted. The subjects were 

seated 1.5 meters from the wall, and the 

system was calibrated by having them to 

fixate at luminous dots projected by a head-

fixed laser at predefined horizontal and 

vertical 8.5 degree angles. For obtaining  

the VOR responses, the subjects were ins-

tructed to focus on the target on the midline 

and at eye level and to relax their neck 

muscles throughout the impulses. At least ten 

valid high velocities (150-300 degree/s) and 

low amplitude (10-20 degree) head impulses 

in yaw and to each side were applied man-

ually by the main examiner. Head impulses 

were unpredictable in direction and time. In 

order to avoid interference between succe-

ssive head impulses, breaks of random dura-

tions on the order of at least 2 seconds in 

between individual head movements were 

introduced. 

 

Data analysis 

Data analysis was performed offline using 

EyeSeeCam software. Head impulses were 

automatically detected according to the velo-

city criterion [15]. The VOR instantaneous 

gain (defined as the ratio of the eye and head 

velocity) was calculated as median values in 

windows of ±10 ms at 40 ms, 60 ms, and 80 

ms after head movement initiation. In addi-

tion to the instantaneous gains, the velocity 

regression (the absolute values of eye veloci-

ty over the head velocity between 0 and 100 

ms post-impulse onset) was also computed to 

represent average VOR gains. After record-

ing all traces, the artifact filter was applied in 

order to remove the artifact traces, and the 

remaining artifacts and outliers were deleted 

manually. 

Paired t-test was used to compare the VOR 

gains between right and left impulses in both 

the healthy and patient groups. Instantaneous 

gain and velocity regression between the gro-

ups were analyzed using multivariate analy-

ses of variance (MANOVA). Effect sizes 

were estimated using the partial eta squared 

(η
2
) statistic. For significant F values, Tukey 

post-hoc test was applied. All statistical tests 

were considered significant at p≤0.05. Data 

processing was performed using IBM SPSS 

22.0 (SPSS Inc., Chicago, USA). 

 

Results 

Based on the evaluation of 56 participants, 

VOR instantaneous gain (at 40 ms, 60 ms, 

and 80 ms) and velocity regression gain were 

established as shown in Table 1. The lower 

limit of VOR gain was set at 2SD below the 

mean. No significant differences were found 

between VOR gain with right and left imp-

ulses in healthy subjects and BV group (pai-

red t-test; p>0.05), and the cumulative results 

are reported. However, in both MD and VN 

groups, VOR gain was lower with ipsilesio-

nal impulses as compared to contralesional 

impulses. Therefore, VOR gain from the aff-

ected side has only been reported. Fig. 1 

shows an example of vHIT findings in a 

unilateral MD case. As can be seen from the 

upper panel (A), there is a gain reduction in 

the affected left side, and multiple covert  

and overt catch-up saccades are generated 

before and after stopping the head move-

ment. However, for every head rotation acti-

vating horizontal canal on the healthy right 

side, the eye velocity response is nearly nor-

mal. An interesting finding was that in most 

of the cases of unilateral peripheral vestibu-

lopathies, anti-compensatory quick eye mov-

ements (AQEM) were observed during cont-

ralesional impulses (Fig. 1). These quick eye 

movements were noticed in the direction of 

the head movements and could be considered 
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as a peripheral vestibular sign in spontaneous 

nystagmus [16]. Three-dimensional (3D) rec-

onstruction of the vHIT parameters for this 

MD case is also presented in Fig. 1, panel B. 

Multivariate ANOVA indicated that mean 

VOR instantaneous gain and velocity reg-

ression differed significantly within the nor-

mal and pathologic groups (F(12,129)=7.89; 

p<0.0001; Wilk's Λ=0.234; η2=0.383).  

Tests of between-subjects effects showed 

 that different types of peripheral vestibu-

lepathies had a statistically significant effect 

on median VOR gain 40 ms (F (3,52)= 

26.16; p<0.0001; partial η2=0.60), 60 ms  

(F (3,52)=38.27; p<0.0001; partial η2=0.68), 

80 ms (F (3,52)=32.99; p<0.0001; partial 

η2=0.65), and regression gain 100 ms  

[F (3,52)=33.61; p<0.0001; partial η2=0.65]. 

Post hoc tests using Tukey’s correction rev-

ealed that median gains at 40 ms were sig-

nificantly different between normal group 

and all other vestibulopathies (p<0.005), and 

between MD and VN groups (p<0.005). 

However, no significant differences were 

found between BV group and MD group 

(p=0.25) or VN group (p<0.88). Moreover, 

median gain at 60 ms was significantly diff-

erent between the normal group and MD 

(p<0.005) and VN groups (p<0.005), but not 

for BV group (p=0.01). The median gain at 

60 ms was also significantly different bet-

ween MD and VN groups (p<0.005), but not 

for BV group, compared to all other groups 

(p≥0.01). Analysis of median gain at 80 ms 

also revealed a significant difference between 

VN group with both normal and MD groups 

(p<0.005). However, there were no signi-

ficant differences between other conditions 

(p≥0.02). 

Finally, multiple comparisons of velocity 

regression gain at 100 ms showed a statis-

tically significant difference between normal 

group versus MD and VN groups (p<0.005) 

but not for BV group (p=0.06). Regression 

gain at 100 ms also differed significantly bet-

ween VN and MD groups (p<0.005), alth-

ough this parameter was not significantly 

different between BV group versus all other 

test groups (p≥0.06). 

 

Discussion 

Several reports have shown that the tradi-

tional calculation of VOR gain is not an 

adequate measure of vestibulo-ocular reflex, 

even in healthy subjects [17]. VOR gain is 

traditionally calculated using eye velocity at 

peak head acceleration. However, peak head 

acceleration is exactly where the greatest 

goggle slippage can occur. Considering these 

limitations, there is a trend to use most of the 

data for an impulse to calculate VOR gain. 

Instantaneous and regression gains are amo-

ng the best-proven methods for calculating 

gain, and many clinicians base their diag-

nosis by simply looking at these numbers. 

The main question in this study sought  

Table 1. Vestibulo-ocular reflex gain and cutoff values in healthy and pathologic 

groups 

 

 Mean of standard deviation of horizontal vestibulo-ocular reflex (cutoff) 

Population VOR40 VOR60 VOR80 VORr 

Healthy group (n=27) 1.02±0.13 (0.76) 0.95±0.08 (0.79) 0.89±0.07 (0.75) 0.99±0.06 (0.87) 

MD group (n=16) 0.83±0.21 (0.41) 0.73±0.19 (0.35) 0.74±0.17 (0.40) 0.80±0.20 (0.40) 

VN group (n=11) 0.48±0.19 (0.10) 0.36±0.23 (0.00) 0.33±0.26 (0.00) 0.39±0.27 (0.00) 

BV group (n=2) 0.58±0.12 (0.34) 0.58±0.06 (0.46) 0.60±0.02 (0.56) 0.68±0.00 (0.68) 

VOR; vestibulo-ocular reflex, VORr; vestibulo-ocular reflex regression, MD; Menier disease, VN; 

vestibular neuritis, BV; bilateral vestibulopathy 
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to determine the possible ability of these cal-

culation methods to differentiate pathologic 

VOR responses in distinct peripheral vesti-

bular etiologies. The results confirmed that 

VOR gain dynamics are susceptible to differ-

ent patient conditions. 

Gain reduction is considered as the main 

variable for estimating VOR function that 

could separate the normal group from pathol-

ogic groups. Insignificant difference between 

the normal and BV group at VOR80 and 

VORr may partly be explained by the lack of 

adequate sample size. Instantaneous gains at 

40 ms, 60 ms, 80 ms, and velocity regression  

Fig. 1. An example of vHIT findings in a unilateral MD case. Two-dimensional views of eye and head 

movements to the affected left side and healthy right side (A). Refer to the text for further explanation. 

At the bottom, 3D vHIT reconstruction of the same case is shown in 700 ms time domain (B).  

AQEM; anti-compensatory quick eye movements, CS; covert saccades, OS; overt saccades. 
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at 100 ms were also significantly different 

between MD and VN groups. These results 

seem to be consistent with other research 

works, which reported different vHIT find-

ings in MD and VN patients [18,19]. Manzari 

et al. suggested that VN causes reduced 

horizontal VOR gain for head turns to the 

affected side, whereas in MD attack, hori-

zontal VOR gain for head turns to the aff-

ected side is normal or even enhanced [19]. 

However, the current study could not demo-

nstrate ipsilesionally normal or enhanced 

vHIT gain values in MD patients. This rather 

contradictory result may be due to a different 

stage of the disease in our patients. One of 

the major limitations in the neurophysiolo-

gical assessment of vestibular patients is that 

the actual level of vestibular function is unk-

nown. During the stages of the vestibular 

disorder, cupular-endolymph biomechanical 

changes can occur, leading to different velo-

city profiles, which can be assessed by dyna-

mic gain changes during head impulses [20]. 

In unilateral VN patients, gain decrease in 

the affected side was the main characteristic, 

and no one showed normal vHIT results. The 

former finding is in line with those of previ-

ous studies [1,2,10], but the latter finding 

differed from the findings of some of the 

previous researches [10]. This result may be 

explained by the fact that horizontal VOR 

deficiencies in VN patients are frequency-

dependent [21,22]. Another explanation may 

be that central compensation during recovery 

stage can influence the vHIT results [10,23]. 

These findings cannot be extrapolated to all 

patients and must be interpreted with caution 

because, as noted before, we can never be 

sure about the actual level of the vestibular 

function unless in complete vestibular nerve 

section. 

To the best of our knowledge, complete nor-

mative data for VOR at 40 ms, 60 ms, and 80 

ms instantaneous gain is not available in the 

literature for the vHIT. Blödow et al. repor-

ted a 0.96 mean for VOR60 in 20 healthy 

controls [10]. Mossman et al. also reported a 

0.94 and 0.97 mean for VOR60 and VOR80, 

respectively, in 60 participants [9]. More-

over, Versino et al. reported a 0.98 mean for 

VOR60 in 13 subjects [24]. In addition to 

providing instantaneous gain and velocity 

regression normative data in healthy adults, 

the established norms were comparable to 

those reported in the literature [10,22,25]. 

One interesting finding was the observation 

of AQEM in most unilateral vestibulopathies. 

Although this finding was not analyzed fur-

ther for occurrence rate, latency, amplitude, 

or velocity, the growing evidence supported 

the utility of AQEM in differentiating the 

peripheral and central origin of spontaneous 

nystagmus [16,26]. Further studies in peri-

pheral unilateral and bilateral vestibulopath-

ies, which take this parameter into account, 

will need to be undertaken. 

 

Conclusion 

In addition to providing normative data and 

cutoff values for VOR instantaneous gain 

and velocity regression and adding to a gro-

wing body of literature on vHIT testing, the 

findings of this study suggested the utility of 

VOR gain as a neurophysiological biomarker 

for differentiating three common peripheral 

vestibular disorders of different etiologies. 

The major limitations of this study are the 

small sample size, especially for BV group, 

and the different time course of disease amo-

ng patients. 

 

Acknowledgements 

This research is supported by grant No. 94-

03-32-26428 from Iran University of Medical 

Sciences 

 

Conflict of Interest 

The authors declare that they have no conflict 

of interest. 
 
REFERENCES 

1. Halmagyi GM, Curthoys IS. A clinical sign of canal 

paresis. Arch Neurol. 1988;45(7):737-9. PMID: 

3390028 

2. MacDougall HG, Weber KP, McGarvie LA, 

Halmagyi GM, Curthoys IS. The video head  

impulse test: diagnostic accuracy in peripheral 

vestibulopathy. Neurology. 2009;73(14):1134-41. 



M. Ahadi et al.                                                                                                                                                      201 

http://avr.tums.ac.ir                                                                                         Aud Vest Res (2017);26(4):195-201. 

Neurology. 2009 Oct 6;73(14):1134-41. doi: 

10.1212/WNL.0b013e3181bacf85. 

3. Bartl K, Lehnen N, Kohlbecher S, Schneider E. 

Head Impulse Testing Using Video-oculography. 

Ann N Y Acad Sci. 2009;1164:331-3. doi: 

10.1111/j.1749-6632.2009.03850.x. 

4. Weber KP, MacDougall HG, Halmagyi GM, 

Curthoys IS. Impulsive testing of semicircular-canal 

function using video-oculography. Ann N Y  

Acad Sci. 2009;1164:486-91. doi: 10.1111/j.1749-

6632.2008.03730.x. 

5. Aw ST, Halmagyi GM, Haslwanter T, Curthoys IS, 

Yavor RA, Todd MJ. Three-dimensional vector 

analysis of the human vestibuloocular reflex in res-

ponse to high-acceleration head rotations. II. Respo-

nses in subjects with unilateral vestibular loss and 

selective semicircular canal occlusion. J Neuro-

physiol. 1996;76(6):4021-30. PMID: 8985897 

6. Collewijn H, Smeets JB. Early components of the 

human vestibulo-ocular response to head rotation: 

latency and gain. J Neurophysiol. 2000;84(1):376-

89. PMID: 10899212 

7. Lehnen N, Aw ST, Todd MJ, Halmagyi GM.  

Head impulse test reveals residual semicircular canal 

function after vestibular neurectomy. Neurology. 

2004;62(12):2294-6. PMID: 15210899 

8. Macdougall HG, McGarvie LA, Halmagyi GM, 

Curthoys IS, Weber KP. The video Head Impulse 

Test (vHIT) detects vertical semicircular canal 

dysfunction. PLoS One. 2013;8(4):e61488. doi: 

10.1371/journal.pone.0061488. 

9. Mantokoudis G, Tehrani AS, Wozniak A, Eiben-

berger K, Kattah JC, Guede CI. VOR gain by head 

impulse video-oculography differentiates acute ves-

tibular neuritis from stroke. Otol Neurotol. 2015;36 

(3):457-65. doi: 10.1097/MAO.0000000000000638. 

10. Blödow A, Pannasch S, Walther LE. Detection  

of isolated covert saccades with the video head 

impulse test in peripheral vestibular disorders.  

Auris Nasus Larynx. 2013;40(4):348-51. doi: 

10.1016/j.anl.2012.11.002. 

11. Luis L, Costa J, Muñoz E, de Carvalho M, Lehnen 

N, Schneider E, et al. P322: Vestibular ocular reflex 

dynamics with head-impulses in hereditary cere-

bellar ataxias. Clin Neurophysiol. 2014;125(Suppl 

1):S134-S5. doi: 10.1016/s1388-2457(14)50441-5. 

12. Pérez-Garrigues H, Sivera R, Vílchez JJ, Espinós C, 

Palau F, Sevilla T. Vestibular impairment in 

Charcot-Marie-Tooth disease type 4C. J Neurol 

Neurosurg Psychiatry. 2014;85(7):824-7. doi: 

10.1136/jnnp-2013-307421. 

13. Murofushi T, Kaga K. Vestibular evoked myogenic 

potential: its basics and clinical applications. Tokyo: 

Springer; 2009. 

14. Committee on Hearing and Equilibrium guidelines 

for the diagnosis and evaluation of therapy in 

Menière's disease. American Academy of Otolaryn-

gology-Head and Neck Foundation, Inc. Otolaryngol 

Head Neck Surg. 1995;113(3):181-5. doi: 

10.1016/s0194-5998(95)70102-8. 

15. Schneider E, Villgrattner T, Vockeroth J, Bartl K, 

Kohlbecher S, Bardins S, et al. EyeSeeCam: an  

eye movement-driven head camera for the exa-

mination of natural visual exploration. Ann N Y 

Acad Sci. 2009;1164:461-7. doi: 10.1111/j.1749-

6632.2009.03858.x. 

16. Halmagyi GM, Curthoys IS, Cremer PD, Henderson 

CJ, Todd MJ, Staples MJ. The human horizontal 

vestibulo-ocular reflex in response to high-acce-

leration stimulation before and after unilateral 

vestibular neurectomy. Exp Brain Res. 1990;81(3): 

479-90. PMID: 2226683 

17. Luis L, Lehnen N, Muñoz E, de Carvalho M, 

Schneider E, Valls-Solé J. Anticompensatory quick 

eye movements after head impulses: A peripheral 

vestibular sign in spontaneous nystagmus. J Vestib 

Res. 2016;25(5-6):267-71. doi: 10.3233/VES-

160566. 

18. Curthoys IS, MacDougall HG, McGaroie LA, 

Weber KP, Szmulewicz D, Manzari L, et al. The 

video head impulse test (vHIT). In: Jacobson GP, 

Shepard NT, editors. Balance function assessment 

and management. 2nd ed. San Diego: Plural Pub-

lishing, Inc; 2014. p. 391-430. 

19. Manzari L, Burgess AM, MacDougall HG, 

Bradshaw AP, Curthoys IS. Rapid fluctuations in 

dynamic semicircular canal function in early Méni-

ère's disease. Eur Arch Otorhinolaryngol. 2011; 

268(4):637-9. doi: 10.1007/s00405-010-1442-5. 

20. Manzari L, MacDougall HG, Burgess AM, Curthoys 

IS. New, fast, clinical vestibular tests identify whe-

ther a vertigo attack is due to early Ménière's disease 

or vestibular neuritis. Laryngoscope. 2013;123(2): 

507-11. doi: 10.1002/lary.23479. 

21. Luis L, Costa J, Garcia FV, Valls-Solé J, Brandt T, 

Schneider E, et al. Spontaneous plugging of the 

horizontal semicircular canal with reversible canal 

dysfunction and recovery of vestibular evoked myo-

genic potentials. Otol Neurotol. 2013;34(4):743-7. 

doi: 10.1097/MAO.0b013e318287f343. 

22. McCaslin DL, Jacobson GP, Bennett ML, 

Gruenwald JM, Green AP. Predictive properties  

of the video head impulse test: measures of  

caloric symmetry and self-report dizziness  

handicap. Ear Hear. 2014;35(5):e185-91. doi: 

10.1097/AUD.0000000000000047. 

23. Schmid-Priscoveanu A, Böhmer A, Obzina H, 

Straumann D. Caloric and search-coil head-impulse 

testing in patients after vestibular neuritis. J  

Assoc Res Otolaryngol. 2001;2(1):72-8. PMCID: 

PMC3201096 

24. Palla A, Straumann D. Recovery of the high-acc-

eleration vestibulo-ocular reflex after vestibular 

neuritis. J Assoc Res Otolaryngol. 2004;5(4):427-35. 
PMCID: PMC2504572 

25. Versino M, Colagiorgio P, Sacco S, Colnaghi S, 

Ramat S. Artifact avoidance for head impulse 

testing. Clin Neurophysiol. 2014;125(5):1071-3. doi: 

10.1016/j.clinph.2013.09.024. 

26. Black RA, Halmagyi GM, Thurtell MJ, Todd MJ, 

Curthoys IS. The active head-impulse test in 

unilateral peripheral vestibulopathy. Arch Neurol. 

2005;62(2):290-3. 

27. MacDougall HG, McGarvie LA, Halmagyi GM, 

Rogers SJ, Manzari L, Burgess AM, et al. A new 

saccadic indicator of peripheral vestibular function 

based on the video head impulse test. Neurology. 

2016;87(4):410-8. doi: 10.1001/archneur.62.2.290. 


