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INTRODUCTION
Vestibular schwannomas (VSs) are benign tumors originating from the Schwann cells of the vestibular branch of the eighth cranial 
nerve. Recent studies have shown that the incidence of sporadic VS tumors is increasing steadily and is currently estimated to be 
approximately 20 cases per million/year [1]. Asymmetric sensorineural hearing loss and tinnitus are the most common symptoms, but 
vertigo is also frequently occurring, indicating the affection of vestibular system function. Despite being of vestibular nerve origin, 
magnetic resonance imaging (MRI) screening protocols for VS are based on hearing acuity rather than vestibular function [2]. Several 
studies have shown an association between VS and loss of vestibular function as evaluated by, for example, caloric response [3-6] and 
vestibular evoked myogenic potentials (VEMPs) [3, 5-8]. However, our knowledge remains limited regarding vestibular function in relation 
to tumor size and hearing acuity. In addition, little is known on tumor affection of the different parts of the vestibular system, as well 
as a potential relationship between the function of the individual parts of the vestibular system, i.e., the neuroepithelia of the saccule, 
utricle, and cristae of the semicircular canals.

Periodic MRI evaluations of tumor progression are based on size [9]. Further knowledge on alternative measures regarding tumor 
size and loss of audiovestibular function seems warranted.

The aim of the present study was to investigate the relationship between the tumor size and the outcomes of audiovestibular tests 
in patients with sporadic VS, as well as the potential relationships between the degree of hearing loss and the degree of vestibular 
function loss, as evaluated by a vestibular function test panel.
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Audiovestibular Loss of Function Correlates in 
Vestibular Schwannomas

OBJECTIVES: The aim of the present study was to investigate the relationships between tumor size, hearing, and vestibular outcomes in patients with 
vestibular schwannomas (VSs).

MATERIALS and METHODS: Adult patients (n=124) with unilateral extrameatal VS prior to surgery were included in the study. This was a retrospective 
cohort study of preoperative audiovestibular investigations including audiometry, discrimination test, caloric test, cervical vestibular evoked myo-
genic potential (c-VEMP), and ocular vestibular evoked myogenic potential (o-VEMP).

RESULTS: The difference between lesioned and non-lesioned ear was significant for all audiovestibular outcomes. The mean caloric deficit was 74%. 
No tumor sided o-VEMPs were elicited. Caloric deficit correlated with hearing loss measured with pure tone average and discrimination score. c-VEMP 
deficit was significantly associated with severe hearing loss and larger tumors.

CONCLUSION: The presence of VS leads to a significant deterioration of audiovestibular function in all objective measures. Caloric test and o-VEMPS 
are sensitive though unspecific measures of VSs. Increasing tumor size is not directly associated with hearing loss and only somewhat to vestibular 
deficit. However, audiovestibular findings are correlated.
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MATERIALS and METHODS
Data on tumor size, hearing, and vestibular function were retrieved 
retrospectively from the files of 127 consecutive patients operated at 
our tertiary referral center by the translabyrinthine (TLA) or retrolab-
yrinthine (RLA) approach for sporadic VS. Indication for surgery was 
either tumor size or tumor growth. The study was conducted in ac-
cordance with the Declaration of Helsinki. Informed consent and eth-
ics committee approval were not applicable as the study was based 
on retrospective file review.

The tumor size was determined by the largest extrameatal tumor 
diameter on the latest preoperative MRI and classified according to 
the consensus on reporting VS size by Kanzaki et al. [10]. According 
to the system, the extrameatal part of the tumor can be small (1–
10 mm), medium (11–20 mm), moderately large (21–30 mm), large 
(31–40 mm), and giant (>40 mm). Isolated intrameatal tumors have 
an extrameatal extension of 0 and comprise their own subgroup of 
tumors. However, to enable subgroup analysis of small tumors, the 
intrameatal tumor group and small tumor group were merged.

Hearing acuity was determined the day before surgery by pure tone 
audiometry and speech discrimination score (DS). The pure tone av-
erage (PTA) was determined by the average of the thresholds of 250, 
500, 1000, 2000, 4000, and 8000 Hz.

The vestibular test panel (also performed the day before surgery) 
consisted of caloric test with bithermal irrigation and quantified ac-
cording to slow phase velocities (Aqua Stim; Interacoustics, Middel-
fart, Denmark). Unilateral weakness (UW) was graded as defined by 
Tringali et al. [11] as UW <20% was considered normal, UW between 
20% and 70% signified moderate hypofunction, and UW >70% im-
plied severe hypofunction. Cervical vestibular evoked myogenic 
potential (c-VEMP) for test of saccular function and ocular vestibular 
evoked myogenic potential (o-VEMP) for test of utricular function 
consisted of air-conducted clicks of 100 dBnHL (decibel normal hear-
ing level) presented consecutively to each ear (Eclipse; Interacous-

tics, Middelfart, Denmark). The VEMP results were assessed binarily to 
determine whether a potential was elicited or not. All vestibular tests 
were performed by the same investigator.

Statistical Analysis
GraphPad Prism version 7.0 for Mac OS X (GraphPad Software, San 
Diego, CA, USA) was applied for data analyses [12]. Mann–Whitney 
tests for non-parametric data were performed to compare groups. 
Spearman coefficients (rs) and chi-square (χ2) tests were calculated 
for correlation analysis. A p-value <0.05 was defined as significant.

RESULTS
Three tumors were excluded from the analysis because the tumor 
was found to belong to the facial nerve. All included tumors (n=124) 
were isolated intrameatal tumors (n=4) and tumors with extrameatal 
extension (n=120). The cohort consisted of 66 (53%) women and 58 
(47%) men. Tumors were right-sided in 63 (51%) cases and left-sided 
in 61 (49%) cases. The mean age of the patients was 55 (Standard 
deviation, SD 13.4) years at surgery. The mean extrameatal size of all 
tumors was 19 (SD 5.9) mm. Regarding size, 11 tumors were grad-
ed as small, 61 tumors were graded as medium, and 52 tumors were 
graded as moderately large.

Hearing Acuity
The mean DS on tumor side was 52% compared with 96% on the 
contralateral side, resulting in a mean DS difference of 44% between 
the two ears. Of the patients, 90% had an asymmetrical DS, of which 
97% were worst on the tumor ear. The mean PTAs were 55 (SD 27.1 
dB) dBHL (decibel hearing loss) for tumor ears and 20 (SD 16.4 dB) 
dBHL for non-tumor ears (Table 1, Fig. 1). There were no significant 
differences in hearing acuity (PTA and DS) according to tumor grade 
(Table 2).

Vestibular Function
All patients except two had vestibular hypofunction as evaluated by 
caloric response on the tumor ear. One patient had bilateral normal 
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Table 1. Vestibular and auditory results for lesioned side and non-lesioned side

Side PTA (mean) DS (mean) Caloric hypofunction c-VEMP elicited o-VEMP elicited

Tumor 55 db 52% 98%* 22% 0%

No tumor 20 db 96% 1% 81% 37%

p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Differences between the sides are significant.
*Mean caloric hypofunction was 72%. Of the caloric findings, 92% were considered abnormal (>20% hyporeflexia) of which all were tumor sided.
PTA: pure tone average; DS: discrimination score; c-VEMP: cervical evoked vestibular myogenic potential; o-VEMP: ocular evoked vestibular myogenic potential

Table 2. Audiovestibular function according to tumor grade

Grade Size PTA DS Caloric c-VEMP (%) o-VEMP (%)

Intrameatal (n=4) 0 34 69 51 50 0

Small (n=7) 9 48 53 63 43 0

Medium (n=61) 16 59 51 72 14 0

Moderately large (n=52) 24 54 51 75 26 0

All (n=124) 19 55 52 72 22 0

PTA: pure tone average; DS: discrimination score; c-VEMP: cervical evoked vestibular myogenic potential; o-VEMP: ocular evoked vestibular myogenic potential



response, and one patient had hypofunction to the non-tumor ear. 
The mean caloric hypofunction was 72%. Of the caloric findings, 95% 
were abnormal (>20% hyporeflexia) of which all were tumor sided.

Of the c-VEMPs, 66% were asymmetrical. Of these, all but four repre-
sented negative c-VEMPs on the tumor ear and positive c-VEMPs on 
the contralateral ear. The remaining 34% had symmetrical c-VEMPS, 
either bilaterally positive or bilaterally negative. Of these, 22% elicit-
ed a c-VEMP response on the tumor ear compared with 81% on the 
healthy ears. Then, 37% of the o-VEMPs were asymmetrical, in all cas-
es by a negative response on the tumor ear and a positive response 
on the non-tumor ear. The symmetrical o-VEMPs (67%) were all bilat-
erally negative. Thus, no tumor sided o-VEMPs were elicited (Fig. 2).

Correlations between Tests
Using Spearman coefficients, there was a strong correlation between 
PTA and DS (rs=0.86, p<0.001). The correlations between PTA and DS 
against the caloric response were weak (rs=0.25 and rs=0.27). There 

were no correlations between tumor size and audiometric tests. In addi-
tion, there was no correlation between tumor size and caloric function.

In the intrameatal and small tumor subgroup, 45% of the tumors 
elicited a c-VEMP potential compared with 14% in the medium tu-
mor group (p=0.02) and 26% in the moderately large tumor group 
(p=0.19).

Patients with an absence of c-VEMPs showed higher PTA thresholds 
(two-tailed p=0.07 and one-tailed p=0.035), though the same group 
did not have significantly lower DS. Similarly, there was no associa-
tion to severe caloric deficit. Since all o-VEMPs were negative on the 
tumor side, tests of correlations between o-VEMPs and other tests 
were not possible.

Surgical Approach
There were significantly more small- and medium-sized tumors than 
larger tumors in the RLA group (χ2, p=0.02 and p=0.003, respective-
ly). There was no difference in approach between small- and medi-
um-sized tumors (p=0.82). The mean PTA and DS in the RLA group 
were 32 dBHL and 94% compared with 72 dBHL and 53% in the TLA 
group (p<0.0001 and p<0.0001). The mean caloric hypofunction 
was UW=41% in the RLA group compared with UW=65% in the TLA 
group (p=0.001). There was no difference between surgical approach 
and elicitation of VEMPs (p=0.4).

DISCUSSION
Vestibular schwannomas are known to cause unilateral damage to 
both auditory and vestibular functions [3, 5, 9, 13-15]. For all individuals in 
the present study, there was a highly significant difference between le-
sioned and non-lesioned side for all auditory and vestibular tests. Our 
patient population represents a selected subgroup of patients with VS, 
since they have been elected for surgery because of accelerated tumor 
growth or symptom complaints. The difference between the ears is ex-
pected to be somewhat greater among this particular patient group 
than the background VS population that also counts smaller asymp-
tomatic tumors [9, 16]. The mean tumor side PTA and DS corresponded 
to a class C hearing loss according to the American Academy of Otolar-
yngology–Head and Neck Surgery classification [17].

Almost all patients (98%) had a lesioned side caloric hypofunction. 
The mean UW of 72% corresponds to a severe hypofunction accord-
ing to a previous classification [11].

There was absence of o-VEMPs on the tumor side with positive con-
tralateral o-VEMPs in 37% of the cases, indicating superior vestibular 
nerve (SVN) affection on the lesioned side. Most tumors are located 
on the inferior vestibular nerve (IVN) and as a consequence affecting 
c-VEMP signals. The results indicate that SVN is affected in all cases of 
VS though most tumors originate from IVN [3, 18]. The aim for both c- 
and o-VEMP tests is to evaluate the corresponding end organ, which 
is the saccule and utricle, respectively. Data suggest that these or-
gans appear to have different sensitivity for the presence of a tumor. 
However, these organs are supplied by afferents from different parts 
of the vestibulocochlear nerve. A recent histopathological study has 
documented that VS in one part of the nerve leads to loss of gangli-
ons in the corresponding end organ, potentially leading to deteri-
orating function [19]. SVN and related blood supply are anatomically 
susceptible to entrapment due to the relationship to the internal 
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Figure 2. VEMPs according to side. Tumors tended to eliminate VEMP signals: 
21% of c-VEMPs and 0% of o-VEMPs were elicited on tumor side.
c-VEMP: cervical evoked vestibular myogenic potential; o-VEMP: ocular evoked vestibular 
myogenic potential.

Figure 1. Audiometric findings according to side. X axis displays PTA and DL 
(mean with SD) for lesioned side and non-lesioned side. Y axis displays the 
degree of hearing loss in dB hearing level and % for PTA and DL, respectively.
PTA: pure tone average; DL: discrimination loss (100−discrimination score).



auditory canal wall [20]. Hearing loss could also be a result of exter-
nal compression of the cochlear nerve. Anterograde degeneration 
of end organs may also be present [19, 20]. Our clinical results are in 
agreement with these observations, although specific perioperative 
tumor location (SVN or IVN origin) was not available. It seems unfea-
sible to predict tumor location on the basis of VEMPs alone, which is 
in accordance with other findings [21]. Being inherently sensitive to 
tumor, it may be possible to assemble a battery of audiovestibular 
tests that could indicate tumor growth, instead of the rising patient 
population enrolled for routine periodic MRI. In recent literature, the 
video head impulse test has proven effective in detecting peripher-
al vestibular disorders [22], including VSs [23-25]. However, the specific 
clinical value and correlation with other vestibular test findings need 
further investigation.

The positive correlation between the auditory tests was expected [26-28]. 
However, tumor size failed to correlate with PTA and DS. Previous his-
topathological studies have shown that >80% of the ganglions have 
to be lost before a shift in PTA threshold occurs, and that the loss of 
ganglions affects discrimination and PTA disproportionally [29]. Con-
trary to our results, other studies have shown a correlation between 
caloric hypofunction and size [5, 11, 21]. An explanation for the missing 
correlation in our study could be the relatively small size interval of tu-
mors of which 91% had a diameter of 11–30 mm. This interval differs 
from the other studies that have a larger distribution of small tumors 
and a larger range of sizes [5, 11]. In the present study, the medium and 
moderately large groups were similarly affected on all audiovestibular 
parameters (Table 2), which could indicate a ceiling effect on the loss 
of function for many tumors in this size range. 

There was an association between good hearing (PTA) and c-VEMP 
potential, indicating that pure tone hearing loss is associated with 
loss of vestibular function as measured with VEMP. However, the as-
sociation between hearing and canal paresis was weak.

Canal paresis was more prevalent in the group lacking c-VEMP poten-
tial; however, the difference was not significant. As found in previous 
studies [6, 30], four patients without canal paresis was missing c-VEMP, 
which may be explained by the location of the tumor since c-VEMP 
and caloric test investigate the inferior and superior nerve pathways, 
respectively. Preserved c-VEMP was associated with smaller tumors, 
which is in agreement with other studies [5, 25].

The difference in PTA, DS, and size between the RLA and TLA 
groups was expected since surgical approach is determined by the 
presence of good hearing of smaller tumors [14]. It is interesting, 
however, that even though caloric deficit had only weak to non-ex-
isting association with hearing and size, the deficit was significant-
ly lower in the RLA group. In contrary, VEMPs were independent of 
surgical approach.

A weakness of MRI in assessing VS size is the neglect of the intrame-
atal lesion that might cause vestibular deficits [9, 10, 24]. In addition, a 
limitation of the study is the varying time between the last MRI and 
the audiovestibular tests, the latter being performed the day before 
surgery. Thus, the true size of a tumor may be underestimated. These 
issues could explain the missing correlations between deficit and tu-
mor size.

CONCLUSION
The present study correlates tumor size with audiovestibular tests by 
horizontal comparisons of individuals that may respond differently 
to tumors of the same size due to anatomical and physiological dif-
ferences. The study finds a significant deterioration of audiovestib-
ular function in the presence of VS in all objective measures. Both 
caloric test and VEMPs are sensitive yet unspecific measures regard-
ing tumor side. In the present study, increasing tumor size has only a 
limited association with loss of peripheral vestibular function and has 
no significant effect on hearing loss.

Though inconsistently affected, audiovestibular function is highly 
sensitive to the presence of VSs; however, the interdependent factors 
between audiovestibular parameters remain to be fully understood. 
Future studies should appreciate a vertical perspective linking indi-
vidual tumor progression and function.
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