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Abstract 

Background: A group of patients with untreated unilateral vestibular schwannoma (UVS) was 
observed in previous clinical trials, and the results indicated a reduction in the vestibulo-ocular reflex 
(VOR) on the ipsilateral (tumor) site of the lesion. However, in a subset of patients, a loss of VOR gain 
was also observed on the contralateral (non-tumor) side, suggesting the presence of contralateral 
neural crosstalk. Methods: To understand our previous clinical findings, the present study has 
expanded its population to investigate whether these unexpected findings are recognized in a 
significantly larger population of patients with UVS (n=640). Retrospectively, mean VOR gains of all 
semicircular canals (SCC) were obtained using video head impulse tests (vHIT) and compared 
between ipsi- and contralateral side of lesion. To eliminate any potential bias resulting from 
procedural effects, vHIT data was also obtained from a group of 72 healthy subjects. Results: As 
expected, a VOR gain reduction was identified on the side of lesion in a substantial proportion of 
patients with UVS, varying ranging from 19.4% (anterior SCC) to 39.7% (posterior SCC). More 
interesting was the observation of a significant number of patients (21.9%) exhibiting a significant 
VOR reduction in posterior semicircular canal on the contralateral side, with a strong correlation with 
the ipsilateral side (r = 0.69). In relation to this phenomenon, our data further demonstrates that the 
influence of the superior branch of the vestibular nerve is less pronounced on the contralateral side 
compared to that of the inferior branch. Conclusion: Current data from a significant group of patients 
with UVS supports bilateral commissural connectivity of inhibitory neural pathways between 
vestibular nuclei, as evidenced by a considerable VOR gain reduction in the posterior SCCs, 
facilitating compensatory mechanisms. This suggests that in a significant proportion of UVS patients 
the contralateral side may also exhibit partial impairment, albeit undetected.  

Keywords: vestibular schwannoma; VOR; video head impulse test (vHIT); unilateral vestibular loss; 
neural crosstalk; inhibitory commissural vestibular pathways 
 

1. Introduction 

Vestibular schwannomas (VS) are slow-growing benign tumors originating from Schwann cells, 
the myelin producing cells of the vestibular nerve sheath [1-3]. VS most commonly arise within the 
internal auditory canal or cerebellopontine angle and only rarely extend into the labyrinthine space 
[4,5]. The existence, frequency and degree of the symptoms may vary greatly due to the tumor's 
heterogenic growth characteristics, size, and location. Due to compression of the VS, the eight cranial 
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nerve may be damaged, leading to the most common symptoms such as sensorineural hearing loss, 
vertigo, tinnitus, aural fullness, and disequilibrium [6]. Other mass effect symptoms may arise due 
to compression of other involved neural structures, such as the cerebellum, facial nerve, and 
trigeminal nerve [7]. In accordance with symptoms, studies also stated that audiological and 
vestibular test results can be various as mainly depending on the tumor type, location or size [8-13]. 

In the clinical practice, because VS tumors generally grow slowly, patients rarely suffer from 
acute symptoms. Hearing loss, tinnitus, a feeling of fullness in the ear, and/or headaches are the most 
common clinical symptoms that may indicate the presence of a VS [14]. The gradual progression 
allows the central vestibular system to develop an adaptation mechanism that decreases the VS-
related symptoms' effect on daily life, which in consequence, has relatively less impact on quality of 
life (QoL) of VS patients [13]. Nevertheless, Kjærsgaard et al [15] reported that a loss of more than 
three vestibular end-organs in VS patients correlates with an increased DHI scores (Dizziness 
Handicap Inventory), reflecting a severe handicap, while two or less defected vestibular end-organs 
correlate with a moderate dizziness handicap. 

Several objective vestibular test batteries provide clinicians the opportunity to evaluate the 
function of the vestibular apparatus. At least one or more objective and/or electrophysiological 
vestibular tests are usually applied, typically the caloric reflex test, the rotary chair test, the vestibular 
evoked myogenic potential (VEMP) test, and/or head impulse test (HIT). Since HIT heavily depends 
on subjective observations of the clinician, very fast correction saccades that has been executed before 
the head impulse ended (‘covert saccade’) might be missed visually. Hence, high-rate video 
recordings of head-eye movements were introduced to also capture the covert saccades to diagnose 
vestibular functionality. In contrast to other vestibular tests, video recorded head impulse tests 
(vHIT) is a very fast and relatively easy test method to assess VOR, and forms part of most standard 
clinical equipment, opening up the possibility to obtain quantitative data on the functionality of the 
vestibulo-ocular reflex (VOR) for each semicircular canal in the frequency range between 5 - 7 Hz 
[8,16]. Thus, vHIT is even used as diagnostic criteria of different vestibular disorders in recent years 
[17-19]. 

As well as diagnostic benefits of vHIT, it also allow to monitor the effects of pathologies on VOR 
gains. In the past, typically, vestibular functions of patients with UVS was conventionally assessed 
by oculomotor -, caloric reflex-, and, if available, rotary chair testing[20-22]). Then more recent studies 
has extended the test batteries with Vestibular Evoked Myogenic Potential (VEMP) recordings and/or 
the video-Head Impulse Test (vHIT) to evaluate peripheral vestibular end organs in UVS patients 
[13,23,24]. However, these studies have mainly been focusing on the impact of VS on loss of vestibular 
function on the ipsilateral side of the lesion [13,25] or on its relation with age, tumor size, duration of 
disease or hearing loss [25-27].  Thus, many studies have reported decreased vestibular function in 
the tumor side [28,29] but the vestibular function in the non-tumor side mostly has been remained 
less explained or even ignored. To our knowledge, the number of studies interpreting both ipsi- 
versus contralateral side in patients with UVS is therefore very limited or only includes a small 
number of observations [12,26,27,30]. Lee et al [26] have investigated ipsi- and contralateral VOR 
reduction in 101 patients with UVS. Although they reported bilateral VOR data, unfortunately no 
correlations were reported and/or regression analyses were executed to investigate possible 
interaction between both sides, since the main goal of their study was to investigate the relation 
between clinical assessment and tumor size. Moreover, no study which is evaluating the bilateral 
effect of the UVS tumor adding control group data has been seen in the literature. 

Rationale and Aim of the Present Study 

As for bilateral effect of the UVS tumors, merely a retrospective analysis of clinical data obtained 
between 2014 and 2015 in a small group patients with untreated UVS revealed a reduction in the VOR 
on the ipsilateral side, i.e., the site of the lesion (unpublished data). Notably, this reduction was also 
observed on the contralateral (non-tumor) side in eight patients. Since the majority of studies on UVS 
to date have mainly been focused on the investigation of VOR functionality on the ipsilateral side, 
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the . However, the majority of studies are characterized by a paucity of observations, a limitation that 
hinders the identification of subtle correlations between the different semicircular canals and/or inner 
ears as a result of UVS. The objective of this study is to examine the vestibulo-ocular reflex (VOR) in 
patients with unilateral vestibular schwannomas (UVS) on the ipsilateral side (i.e., the side of the VS) 
and its impact on the contralateral non-tumor side in comparison to a healthy control group without 
any vestibular dysfunction. 

2. Materials and Methods 

A retrospective investigation was conducted on the database of our tertiary referral center from 
2014 to 2024. The objective of this investigation was to identify patients with unilateral vestibular 
schwannoma (UVS). The present study included a total of 640 patients with UVS (mean age: 58;1 ± 
13;2 years) and a control group of 72 normal hearing, healthy adults (mean age: 43;9 ± 14;9 years). 
The clinical diagnosis of unilateral vestibular schwannomas (UVS) in all patients was made and 
subsequently confirmed by magnetic resonance imaging (MRI). Patients with other known vestibular 
pathologies documented in the medical records were excluded from the study. In 325 patients 
(50.8%), the vestibular schwannoma was diagnosed on the right side (see Table 1, patient 
characteristics). 

Given that the study in patients was an observational, retrospective nature and concerned the 
analysis of medical data obtained from patient records, it was deemed exempt from the provisions 
of the Medical Research Involving Human Subjects Act by the Local Ethical Committee. Normative 
data was acquired in a group of healthy adults with normal hearing (i.e. auditory thresholds for 
octave frequencies from 250 to 8000 Hz were ≤ 15 dBHL). This research adhered to the ethical 
principles for medical research of the World Medical Association according to the Declaration of 
Helsinki. Approval was received from the institutional local human research and ethics committee 
(dossier NL87231.091.24) and informed consent was obtained from all individual participants of the 
control group. 

Table 1. Overview patient and control group characteristics (n=640, age in years). 

 

2.1. Measurement Procedure 

Subjects were asked to sit straight in a chair in front of a high-speed camera (vHIT Ulmer II 
device, Synapsys S.A.R.L., France). All participants underwent complete vHIT testing, i.e. responses 
were randomly obtained from all 6 semicircular canals. A high-speed camera was positioned in the 
middle, 90 cm away from the subject and 100 cm away from the wall to capture the eye movements 
during the head impulse (fsample= 100 Hz). Subjects were asked to visually focus at three different dots 
on the wall, i.e. one frontal, one at 20 degrees to the right and one at 20 degrees to the left. For every 
semicircular canal, at least seven correct impulses were captured in the direction of each horizontal 

Control Group 
(n=72)

Female, n (%) 46 (64.8)
Male, n (%,) 26 (35.2)

Mean Female Age ± SD 43.4 ± 14.9
(range) (20 - 65)

Mean Male Age ± SD 44.7 ± 15.2
(range) (22 - 67)

Mean Group Age ± SD 43.9 ± 14.9
(range) (20 - 67)

Right Left
n (%) 325 (50.8) 315 (49.2)

Male, n (%) 178 (53.6) 154 (46.4)
Female, n (%) 147 (47.7) 161 (52.3)

Tumor Side

308 (48.1)
332 (51.9)
58.1 ± 12.7

(21 - 87)
57.9 ± 13.8

(18 - 88)

VS Group 
(n=640)

58.1 ± 13.2
(18 - 88)
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or vertical plane to stimulating each individual semicircular canal of interest. Head impulses were 
manually executed using an impulse with small angle movements between 150-250, similar to clinical 
execution of the ‘head thrust’ test [31,32]. Responses were automatically accepted or rejected by the 
vHIT software (vHIT Ulmer II, vs. 3.1.1.0) pre-defined head impulse velocity > 1500/sec. For each 
impulse per semicircular canal, the gain was calculated, defined as the ratio between the output (eye 
movement) and the input (head movement) signal, calculated at the start of the impulse in a 
predefined region, defined by time interval [t0;t1], with t0 = tacc - 40 ms and t1 = tacc + 80 ms, where t0 = 
start of head movement, and tacc = time of head acceleration peak. The mean gains of each SCC with 
their standard deviations were used for analyses. 

2.2. Analysis 

The data for UVS patients was classified as tumor-side (TS, ipsilateral) and non-tumor-side 
(NTS, contralateral). Within-subject comparisons were made for VOR gain between the opposite 
same SCC in patients with UVS. The same procedure was replicated for the control group. Finally, 
data of the control group data was compared with data of the UVS patient group. All statistical 
analyses were performed in SPSS for Windows 27.0 (IBM Corp., Armonk, NY). Shapiro-Wilk test was 
conducted to test the normality of data. The homogeneity of variances was tested by the Levene test. 
Student’s t-tests were conducted to analyze gender, and control vs. UVS group differences with 
respect to same SCC pairs. One-Way ANOVA and simple regression analysis were performed with 
Bonferroni corrections to evaluate the effect of the tumor on the non-tumor side. Pearson correlation 
coefficients (r) were calculated to test relationship between groups. Statistical significance was 
defined at the 5% level.  

3. Results 

It was possible to successfully obtain VOR gains (G) of all six horizontal and vertical canals in 
all UVS patients (n = 640) and all healthy control subjects (n = 72).  

No statistical differences between VOR gains were found between females and males in the UVS 
group as well as in the control group for the same canal pairs on the same sides (paired samples t-
tests, all p > 0.05). Therefore, in both groups, all data of both genders for the same canals were pooled 
for further analyses for each SCC.  

In the UVS group, most VOR gain reductions were found in the ipsilateral tumor side for the 
posterior SCC (i.e. G < 0.7), followed by a gain reduction in the lateral and anterior SCC (i.e. G < 0.8 
and < 0.7, respectively). Remarkably, also in the non-tumor side, a reduction of gain was found in a 
significant number of patients for the posterior SCC, i.e. 21.9% of the total population, while the 
lateral and anterior SCC show less reduction: see Table 2. Note that all mentioned percentages are 
absolute number of gain reductions for each SCC. 

Table 2. Frequency table of compromised VOR gains per semicircular canal for tumor side (TS) and non-tumor 
side (NTS) for UVS group (n=640). 

 
An overview of absolute mean VOR gains of each SCC are shown for the UVS patients and the 

control group in Table 3.  

Table 3. Absolute mean VOR gains of all six semicircular canals of UVS patients (left): tumor side vs. non-tumor 
side (n=640) and of the control group (right): right vs. left side (n = 72). 

Tumor Side % (n) Non-Tumor Side % (n)
   Anterior SCC 19.4 (124) 3.9 (25)
   Lateral SCC 25.9 (166) 3.2 (21)
   Posterior SCC 39.7 (254) 21.9 (140)

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202601.0997.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0997.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 14 

 

 
Inter-aural correlations between absolute mean VOR gains of all semicircular canals for the UVS 

group as well as for the control group (Pearson’s correlation coefficients, all p < 0.001) are shown in 
Table 4.  

Table 4. Pearson’s correlation coefficients for all three semicircular canals a) between tumor side (TS) vs. non-
tumor side (NTS) (p < 0.001, n=640) for UVS patients and b) between left and right side for control group (p < 
0.001, n = 72). 

  

For the UVS group, the relation between the inter-aural VOR gains of each individual 
semicircular canal is depicted in a scatter plot: see Figure 1. Pearson’s correlation coefficients show a 
statistically significant correlation between the VOR gains of the same SCC between both sides for all 
three semicircular canals, i.e. r=0.43, r=0.53, and r=0.69 for the anterior, lateral and posterior SCC, 
respectively (p<0.001). 

 

Figure 1. Scatter plots of VOR gain of non-tumor side (NTS) as a function of tumor side (TS) for the anterior (a-
SCC), lateral (l-SCC), and posterior semicircular canals (p-SCC) of 640 patients with UVS. 

Similar to the UVS group, scatter plots of each SCC are depicted in Figure 2 for the control group 
(n=72): Pearson’s correlation coefficients show statistically significant correlations between VOR 
gains of both sides, i.e. 0.63, 0.74, and 0.87 for the anterior, lateral and posterior SCC, respectively 
(p<0.001). 

 

Figure 2. Scatter plots of VOR gains of right versus left side for the anterior (a-SCC), lateral (l-SCC), and posterior 
semicircular canals (p-SCC) of 72 healthy subjects 

VOR Gain
Tumor Side
mean ± sd 

 (range)

Non-Tumor Side
mean ± sd 

 (range)
VOR Gain

Right Side
mean ± sd 

 (range)

Left Side
mean ± sd 

 (range)

   Anterior SCC 0.85 ± 0.22
(0.03 - 1.19)

0.94 ± 0.13
(0.22 - 1.19)

   Anterior SCC 1.00 ± 0.08
(0.75 - 1.18)

1.00 ± 0.09
 (0.73 - 1.15)

   Lateral SCC
0.86 ± 0.22
(0.04 - 1.14)

0.97 ± 0.08
(0.34 - 1.12)    Lateral SCC

1.01 ± 0.05
 (0.89 - 1.12)

1.01 ± 0.05
 (0.87 - 1.14)

   Posterior SCC 0.70 ± 0.26
 (0.01 - 1.12)

0.80 ± 0.19
(0.02 - 1.13)

   Posterior SCC 0.95 ± 0.09
(0.68 - 1.11)

0.94 ± 0.09
 (0.73 - 1.17)

a) b)
Anterior SCC Lateral SCC Posterior SCC Anterior SCC Lateral SCC Posterior SCC

Anterior SCC 0.43 0.38 0.49 Anterior SCC 0.63 0.51 0.56
Lateral SCC 0.32 0.53 0.46 Lateral SCC 0.32 0.87 0.46
Posterior SCC 0.24 0.35 0.69 Posterior SCC 0.57 0.29 0.74

NTS

TS

Left

Right

0

0.4

0.8

1.2

0 0.4 0.8 1.2
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S a
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TS a-SCC

0

0.4

0.8

1.2

0 0.4 0.8 1.2
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S l

-S
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TS l-SCC

0

0.4
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Figure 3. Box-whisker plots of each semicircular canal on both sides in a) the UVS group (left); TS: tumor side; 
NTS: non-tumor side; +: mean; a-SCC: anterior semicircular canal; l-SCC: lateral semicircular canal; p-SCC: 
posterior semicircular canal and b) the control group (right). A comparison of the VORs of the same SCCs from 
both sides revealed significant disparities, which were only observed in the UVS patients (p < 0.001). 

Box plots show an overview of VOR gains and ranges within each SCC of the UVS and the 
control group for all three SCCs in Figure 3. To analyze between- and within-SCC gain differences in 
control group, One-Way ANOVA was performed (F(5,426) = 11.926, p < 0.001). Post-hoc tests were 
conducted with Bonferroni correction and showed that posterior SCCs were the only SCC that 
significantly differed from the others, but with no significant differences between anterior and lateral 
canal pairs. Additionally, no differences in VOR gain were found between bilateral posterior canals 
(p > 0.05).  

Similar to control group analysis, all combinations of SCCs on the TS and NTS in the UVS group 
were tested for between- and within-SCC gain differences (One-Way ANOVA: F(5,3834)=165.111, p 
< 0.001). Post-hoc tests were conducted with Bonferroni correction and showed that posterior SCCs 
were the only SCCs that significantly differed from the others (p < 0.05). Moreover, VOR gains did 
not differ between the anterior and lateral SCCs on the TS, nor did they differ on the NTS (p > 0.05). 
However, TS and NTS comparisons showed differences for all same SCCs pairs (p < 0.001) with 
significant lower gains on TS: see also Table 3. 

As expected, statistical significant lower VOR gain differences were found in the TS of the UVS 
group compared to the control group for all three SCCs (paired samples t-tests: anterior SCC, t = 
7.961, p < 0.001; lateral SCC, t = 8.738, p < 0.001; posterior SCC, t = 9.867, p < 0.001).  

The same was also found for all SCCs in the NTS of the UVS group compared to the control 
group (paired samples t-tests: anterior SCC, t = 4.822, p < 0.001; lateral SCC, t = 4.331, p < 0.001; 
posterior SCC, t = 7.906, p < 0.001). 

Additionally, a simple linear regression analysis was performed using the same canal pairs to 
estimate the effect of tumor-side (TS) VOR gain on non-tumor-side (NTS) VOR gain. Each TS 
semicircular canal (SCC) showed a significant effect on its each corresponding NTS canal pairs, with 
F(1,638) = 142.80, F(1,638) = 248.63, and F(1,638) = 592.70, for anterior, lateral, and posterior (or inferior 
branch) canals, respectively. For the anterior canal, a VOR gain reduction of 0.10 in TS was associated 
with 0.03 decrease in NTS (β = 0.25, 95% CI [0.21, 0.30], R2 = 0.18); for the lateral canal, a VOR gain 
reduction of 0.10 in TS was associated with 0.02 decrease in NTS (β = 0.19, 95% CI [0.17, 0.22], R2 = 
0.28); for the posterior canal or inferior branch, a VOR gain reduction of 0.10 in TS was associated 
with 0.05 gain decrease in NTS (β = 0.50, 95% CI [0.46, 0.54], R2 = 0.48).   

To determine which branch of the vestibular nerve has more impact on the NTS, gains of the 
inferior branch (posterior SCC) and the superior branch (mean gain of anterior and lateral SCCs) were 
calculated for both sides for UVS and control group (see Table 5). Additionally, to see the effect of TS 
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on NTS, regression analysis of superior branch  was conducted. TS superior branch showed a 
significant effect on NTS superior branch F(1,1278) = 338.48, p < 0.001. For superior branch, a VOR 
gain reduction of 0.10 in TS was associated with a 0.02 decrease in NTS (β = 0.22, 95% CI [0.20, 0.25], 
R2 = 0.21).  

Table 5. Mean VOR gain for inferior (left), superior (right) branche of the n.VIII of UVS and control group. 

  

One-way ANOVA and post-hoc comparisons revealed significant differences between the VOR 
gain of TS, NTS and control for both inferior and superior branches: (F(2,1421) = 83.086, p < 0.001, and 
F(2,2845) = 175.671, p < 0.001, respectively). 

The mean superior branch VOR gain of the control group was 1.005, and for the UVS group 0.855 
for the TS and 0.955 for the NTS. The mean inferior branch VOR gain of the control group was 0.945, 
for the UVS group 0.700 and 0.800 for the TS and NTS, respectively (see Table 5). Since the VORs of 
the control group also showed differences in gain per SCC, but not per side, the mean VOR gain of 
both sides of the control group was used as a reference when calculating the gain reduction within 
the UVS group. Hence, for the UVS group, the absolute gain reduction per branch was calculated: a 
superior branch reduction of 0.150 for the TS (1.005-0.855) and 0.050 (1.005-0.955) for the NTS and an 
inferior branch reduction of 0.245 for the TS (0.945-0.70) and 0.145 for the NTS (0.945-0.8). Thus, the 
reduction ratio was 0.33 (0.050/0.150) for the superior branch, in contrast to 0.59 (0.145/0.245) for the 
inferior branch, in which a higher reduction ratio represents higher impact of the VS on the 
contralateral side.  

4. Discussion 

In this study, we have compared the functionality of the vestibular-ocular reflex of each 
semicircular canal between the non-tumor side and the tumor side in patients with unilateral 
vestibular schwannoma. The distinguishing characteristic of our research is the substantial size of 
our data set (n=640 UVS) and the methodology we employed: in addition to the tumor group, a 
healthy control group (n=72) was included to ensure the reliability of the results obtained in UVS 
patients through interaural comparisons and correlation analyses. In essence, the primary objective 
of the control group data analysis was to perform a form of cross-checking rather than a direct 
comparison of the results obtained from the tumor and healthy groups. The present study's 
methodology is believed to contribute to its originality and to a more profound understanding of 
how the vestibular system reorganizes itself in unilateral pathologies. 

Statistical analyses in control group revealed no differences in VOR gains for gender and side, 
which is in agreement with other studies [33-36]. In contrast, significant differences were found in 
the UVS group, showing reduction of the VOR on the tumor side compared to the contralateral non-
tumor side.  

It is well known that VOR gains on the side of the lesion might decrease in the presence of a VS 
[28,29]. In parallel with previous studies, our results support that the presence of VS tumors 
significantly decrease VOR gains of all canals on the tumor side. Besides VOR gains on TS, most of 
the studies ignore the NTS in VS patients. The number of studies mentioning contralateral VOR 
impairment in VS is therefore rather limited [12,26]. 

The present data are also in conformity with previous (unpublished) preliminary studies in a 
smaller group of UVS patients [37,38]. Caloric vestibular reflex reactivity and vHIT responses were 
obtained resulting in abnormal caloric reflexes (i.e. slow phase nystagmus velocities < 10 degrees/sec) 
in 49% of the patients on the side of lesion. However, in 7.5% of the patients with normal caloric 

Tumor Side
mean ± sd 

 (range)

Non-Tumor Side
mean ± sd 

 (range)

Control
mean ± sd 

 (range)

Tumor Side
mean ± sd 

 (range)

Non-Tumor Side
mean ± sd 

 (range)

Control
mean ± sd 

 (range)

VOR Gain 0.700 ± 0.26
 (0.01 - 1.12)

0.800 ± 0.19
(0.02 - 1.13)

0.945 ± 0.09
(0.68 - 1.17) VOR Gain 0.855 ± 0.22

 (0.03 - 1.19)
0.955 ± 0.11
(0.22 - 1.19)

1.005 ± 0.07
(0.73 - 1.18)

Inferior Branch Superior Branch
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reactivity, vHIT outcomes revealed an isolated posterior canal dysfunction, highlighting the added 
value of vHIT testing in patients with UVS when compared with caloric reflex testing, as vHIT 
assesses the vertical canals not covered by caloric testing [38].  

Other studies, [12,25,27,28] have also investigated the function of the vertical SCC in a relatively 
small number of patients with UVS. The study by Fujiwara et al. [28] reported VOR reactivity in 15 
patients with UVS, as determined by vHIT. The objective of their  study was to investigate the 
functionality of the vertical SCC in UVS patients. The results of the study demonstrated a reduction 
in both the lateral VOR and the posterior VOR on the TS. However, the anterior VOR appeared to be 
less affected by the unilateral UVS. It was also noted that the vertical canals presented a greater 
challenge during examination, attributable to their unusual oblique vertical impulse movements, 
which contrasted with the comparatively straightforward lateral impulse movements. Nevertheless, 
in the absence of further elucidation from the authors, we recognized that their data set also exhibited 
a dysfunction of the posterior SCC on the unaffected side in 2 out of 15 subjects, which is in 
accordance with our data from a considerably larger population. Comparable reduction of the 
posterior VOR gain on the NTS was also reported by others [12,26,27] although these studies were 
more focused on the sensitivity of different vestibular tests (caloric reflex, cVEMP, vHIT) related to 
TS and tumor volume without further exploration of the posterior canal gain reductions on the NTS 
and/or analyses of gain differences between and/or within SCCs.  

Our data of UVS group revealed significant lower VOR gains in the posterior SCC compared to 
the other SCCs. Moreover, it showed that posterior SCC gain reduction on NTS (n=140, 21.9%) is 
remarkably more sensitive for the presence of a contralateral VS. Since this was found on both sides, 
it immediately raised the question whether these outcomes might be caused by variations in the 
practical execution of impulse movements in three different planes of the six semicircular canals, i.e. 
lateral (left-right), left anterior-right posterior (‘LARP’), and right anterior-left posterior (‘RALP’). To 
exclude the effect of any procedural bias such as variations in impulse movements executed by 
clinicians (e.g. unconscious preferences for impulse directions), asymmetrical neck muscle stiffness 
of patients, hard/software sensitivity of the recording device or other in/external factors causing 
variability, we have performed the same measurement procedures under exactly the same conditions 
in a group of healthy subjects (control group). 

Contrary to our initial expectations, we observed that the control group exhibited significant 
correlations between bilateral SCC (see Fig. 2). However, we think that this is of negligible relevance, 
given that the range within the control group is evidently constrained (> 0.8 and > 0.7 for lateral and 
vertical SCC, respectively), with no discernible interaural variations. In contrast, the VOR gains in 
the UVS group exhibited a greater range (see Fig. 1), thereby rendering the correlations more 
meaningful and relevant for clinical interpretation.  

Although we claim that the presence of a VS affects the contralateral NTS in UVS patients, it 
should also be recognized that the response variability in the vertical SCCs that we have reported in 
the UVS group was also seen in the control group too, albeit to a lesser extent (Fig. 3a). The posterior 
SCC seem to follow the same pattern in both groups. This might imply that response variability of 
vertical SCCs in itself appears to be more susceptible to variations resulting from external factors 
(such as e.g. the practical execution of short head impulse movements) than the horizontal SCCs as 
it is known that the vertical head impulse movements are generally more difficult to perform than 
horizontal impulse movements [39], which is reflected in the lower normative cut-off values, that are 
clinically used for the vertical SCCs (i.e. 0.7). Consequently, this may mean that a small portion of the 
variability found in the UVS group is the result of bias due to practical recording of vHIT movements. 
Nevertheless, the present results found are of such magnitude that they will not undermine the 
interaural interdependence that we have observed in UVS patients. 

4.1. Inferior vs. Superior Branch Crosstalk Between TS and NTS 

Although we didn’t analyze the actual location of VS tumors on the n. VIII, we have compared 
VOR gains originating from the superior-branch-linked SCCs with the inferior branch and how it 
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might affect the contralateral side by calculating the gain reduction ratio for each branch. For this, we 
took into account the absolute reduction in VOR reactivity that was also found in the posterior canal 
in the healthy population. Our UVS data showed that the most compromised SCC appeared to be the 
posterior SCC in both tumor as non-tumor side (see Table 3). The fact that the posterior SCCs on both 
sides appear to be most sensitive to a decrease in VOR gain suggests that, in addition to a neural 
bilateral dependence, the inferior branch of the cochleovestibular nerve, might also play a role here, 
since it is responsible for the innervation of the posterior canal. After all, it is not entirely unlikely 
that the presence of a UVS apparently affects the VOR of the lateral and anterior canals less than that 
of the posterior canal, since it is known that the majority of vestibular schwannomas develop in the 
inferior branch of the vestibular nerve [40]. 

By comparing the impact of the vestibular schwannoma on the NTS, our data demonstrate that 
the inferior branch exerts nearly twice the influence on the contralateral side, as evidenced by a gain 
reduction ratio of 0.33 (superior branch) compared to 0.59 (inferior branch). It is noteworthy that the 
inferior branch at the TS appears to exert a more significant influence on the VOR gain at the NTS 
than the superior branch. This observation suggests that a considerable proportion of the location of 
the VS in our UVS group would be more inferior, resulting in a diminished effect on the VOR gain of 
the anterior and lateral SCCs on the NTS. This finding provides further evidence to support the 
hypothesis that, within our population, the inferior branch of the n. VIII appears to be more sensitive 
to bilateral neural interactions than the superior branch. 

4.2. Inhibitory Commissural Pathways Between Bilateral Vestibular Nuclei 

A reduced number of type I hair cells and fibers on the tumor side has been reported [41].  Other 
histological research have also shown that an isolated schwannoma on the superior vestibular branch 
of the 8th nerve can cause selective degeneration of neuroepithelia in the lateral and anterior [42]or 
only in the posterior SCC [43]. It is known that transient fast head movements, such as those 
performed during vHITs, will activate irregular afferent fibers that are mostly linked to these type I 
hair cells [44,45]. As a result, this histological change would lead to a decrease of VOR gain. 

Besides hair cells damages, neural changes may play an important compensatory role in 
unilateral pathologies. A study in macaques who underwent unilateral labyrinthectomy [46] showed 
that a neural reorganization of afferents takes place, resulting in a higher amount of irregular fibers 
after the damage. Similar compensatory processes might also take place in patients with UVS as a 
result of the loss of type I hair cells, which are more sensitive to phasic-encoding, i.e. fast movements. 

On the other hand, unilateral acute vestibular neuritis or unilateral labyrinthectomy can alter 
responsiveness of the second-order neurons in the both vestibular nuclei by chemical changes [47]. 
Physiologically, GABA-release within the vestibular nuclei sets baseline excitability and shapes the 
spike outputs. Any conditions that affect GABA-receptors’ responsiveness may also effect the VOR, 
since medial vestibular nuclei (MVN) on both sides are interconnected through commissural fibers. 
This connectivity between fibers provide reciprocal inhibition within the vestibular nuclei. This 
commissural inhibitory system may be the underlying cause of high correlations between tumor and 
non-tumor sides, despite the fact that the VOR gains are bilaterally reduced. The reciprocal inhibition 
and change of the GABA-receptors’ responsiveness support the phenomenon of vestibular 
compensation.  

It is of noteworthy that the strong correlations that we found between the p-SCC of the right and 
left sides in our healthy subjects was retained among VS patients, suggesting that our vestibular 
system may attempt to compensate for the effect of VS on VOR gains through posterior canals. Taking 
into account the significant correlations that we observed within our UVS group, we conclude that 
the vestibular system must engage in a form of crosstalk between the tumor and non-tumor sides in 
order to compensate for the effects of the VS on VOR gains. It is hypothesized that this crosstalk may 
also assist in mitigating the impact of VS on balance in daily life, thereby ensuring an acceptable 
quality of life. 
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4.3. Strengths and Limitations 

The distinguishing characteristic of this study is its inclusion of a substantial number of patients 
with UVS, a feature that differentiates it from the majority of previous studies in this field. 
Furthermore, the present study ascertained VOR gains of all SCCs in a substantial group of healthy 
subjects, thereby enabling the differences of subtle disparities in VOR gain between the three SCCs 
in the control group. This study also offers the advantage to compare the abnormal VORs exhibited 
by UVS patients, both at TS and NTS, with the mean gains observed in a healthy population within 
the relevant SCC. Consequently, VOR gains could be comparatively analyzed for each SCC, with the 
same SCC on the other side, as well as with that of the other SCC on the same side for both groups. 

Nonetheless, it is acknowledged that the present study has been constrained in its scope to the 
functionality of the VOR of the individual and combined SCCs, while disregarding the size and 
location of the VS, unlike other studies. 

While the present design was not focused on establishing a correlation between the predictive 
value of the vHIT and the size or anatomic location of the VS, a comparative analysis of the reactivity 
of SCCs innervated by either the superior or inferior branch of the eighth nerve was additionally 
conducted: by calculating the reduction ratio of both separate branches of the vestibular nerve, we 
were still able to obtain some information about differences in commissural connectivity between the 
vestibular nuclei at the brainstem level for both neural pathways. 

5. Conclusions 

To the best of our knowledge, this study is the only one reporting the vestibulo-ocular reflex 
(VOR) functionality on the non-tumor side in a large population of patients with untreated unilateral 
vestibular schwannomas (n=640). Patients with unilateral vestibular schwannoma show that 39.7% 
of them exhibits a reduced VOR gain in the ipsilateral posterior SCC. However, the most noteworthy 
finding is that, in addition to the impaired vestibular reactivity on the ipsilateral tumor side, the 
presence of a vestibular schwannoma also reveals an impact on the contralateral posterior SCC in the 
non-tumor side in 21.9% of patients. While both lateral and anterior SCCs also demonstrate a positive 
correlation with their contralateral equivalents, the most significant and strongest correlation was 
identified between the two posterior semicircular canals. Furthermore, our data suggest that lesions 
originating from the inferior branch of the vestibular nerve might be less affecting contralateral side. 
It also confirm the presence of underlying commissural pathways at the brainstem level that are 
responsible for neural crosstalk between the vestibular nuclei of the tumor and non-tumor side. The 
commissural interconnections of the VNs have been demonstrated to promote greater bilateral 
vestibular symmetry, thereby facilitating compensatory mechanisms and contributing to a reduction 
in subjective complaints. This observation suggests that clinicians should be aware that VOR on the 
contralateral side may also be partially impaired in a significant number of UVS patients, albeit 
unnoticed. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

NTS non-tumor side 
SCC semicircular canal 
TS tumor side 
UVS unilateral vestibular schwannoma 
vHIT video head impulse test 
VOR vestibulo-ocular reflex 
VS vestibular schwannoma 
NTS non-tumor side 
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