
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10143-022-01834-z

ORIGINAL ARTICLE

Preoperative vestibular evoked myogenic potentials (VEMPs), caloric 
test, and pure tone audiometry to identify the vestibular nerve branch 
of schwannoma origin: preliminary results in a series of 26 cases

Francesca Cianfrone1 · Italo Cantore1  · Raffaelino Roperto2 · Francesco Tauro1 · Francesco Bianco1 · 
Luciano Mastronardi2,3 · Paolo Ruscito1

Received: 1 March 2022 / Revised: 4 May 2022 / Accepted: 6 June 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Vestibular schwannoma (VS) is a benign tumor which develops in the internal auditory canal and the cerebellopontine angle, 
potentially diminishing hearing or balance. Most VS tumors arise from one of two vestibular branches: the superior or inferior 
vestibular nerve. Determining the specific nerve of origin could improve patient management in terms of preoperative coun-
seling, treatment selection, and surgical decision-making and planning. The aim of this study was to introduce a preoperative 
testing protocol with high accuracy to determine the nerve branch of origin. The nerve of origin was predicted on the basis of 
preoperative vestibular evoked myogenic potentials (VEMPs), caloric stimulation test, and pure tone audiometry on 26 recipi-
ents. The acquired data were entered into a statistic scoring system developed to allocate the tumor origin. Finally, the nerve 
of origin was definitively determined intraoperatively. Receiver operating characteristic (ROC) curves analysis of preoperative 
testing data showed the possibility of predicting the branch of origin. In particular, ROC curve of combined VEMPs absence, 
nystagmus detectable at caloric stimulation, and PTA < 75 dB HL allowed to obtain high accuracy for inferior vestibular nerve 
implant of the tumor (area under the curve-AUC = 0.8788, p = 0.012). In 24 of 26 cases, the preoperatively predicted tumor 
origin was the same as the origin determined during surgery. Preoperative audiological and vestibular evaluation can predict the 
vestibular tumor branch of origin with high accuracy. Despite the necessity of larger prospective cohort studies, these findings 
may change preoperative approach, possible functional aspects, and counseling with the patients.
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Introduction

Vestibular schwannoma (VS) is a benign tumor arising from 
Schwann cells in the vestibular nerve. The vestibular nerve 
has two divisions in the internal auditory canal (IAC): the 
superior vestibular nerve (SVN) and the inferior vestibu-
lar nerve (IVN). The earliest symptoms in VS patients are 

auditory, such as hearing loss and tinnitus. VS primarily 
originates from one of the divisions of vestibular nerve, 
and hearing outcome might be affected by the origin of the 
tumor. Therefore, distinguishing the nerve of tumor origin 
in patients with VS is very important, mainly for the intraop-
erative strategy of microsurgical removal of small sized VS.

MRI with gadolinium is the gold standard for the vestibular 
schwannoma diagnosis. Still, it can be useful but it is not diri-
ment in order to predict the branch of origin [2]. Caloric tests 
are used to estimate the function of the SVN, which inner-
vates the horizontal semicircular canal and is responsible for 
the caloric response. Vestibular-evoked myogenic potential 
(VEMP) tests reflect the sacculocollic reflex and are used to 
evaluate IVN function. If the results of these two tests cor-
relate with the nerve of tumor origin, they will be useful to 
preoperatively predict the odds of hearing preservation [7, 11].

For this study, we obtained the preoperative results of 
VEMP tests and caloric stimulation test. Furthermore, we 
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also evaluated the correlations of those with the intraopera-
tive findings regarding the nerve of tumor origin and hearing 
level in VS patients. We evaluated the efficacy of determin-
ing the branch of tumor origin of VS via these tests and 
looked for a relationship between the nerve of tumor origin 
and intraoperatory findings.

Methods

Patient population

This study included 26 patients with unilateral VS (Table 1) 
who underwent surgical removal of the tumor. Each 
patient received a caloric test, VEMP test, Auditory Brain 
Response, and hearing level test before the operation. Only 
the patients for whom the nerve of tumor origin could be 
unequivocally identified during surgery were included in 
the analysis. Mean tumor maximal diameter was 2.95 cm 
(range 1.8–4.5 cm). Hearing preservation was not attempted 
in any case: the preoperative hearing class was AAO-HNS 

C or D in all patients enrolled. All participants gave written 
informed consents concerning surgery. Authors routinely 
perform this kind of preoperative evaluation so ethics com-
mittee approval was not required.

Magnetic resonance imaging

A 3.0-T superconducting magnet with a standard head coil 
was used for the head magnetic resonance imaging examina-
tions. Preoperative imaging (MRI) did not allow to predict 
the possible position of facial nerve.

Vestibular‑evoked myogenic potential testing

cVEMP are short latency electromyogenic responses that 
are recorded from contracted sternocleidomastoid (SCM) 
muscle in response to very loud transient stimuli. These are 
thought to reflect momentary inhibition of the contraction of 
SCM due to loud sounds and are mediated by sacculocollic 
pathway [12]. The outcome measures of cVEMP, i.e., the 
latency of P1 and N1 waves, amplitude of P1–N1 complex, 

Table 1  Recipients, preoperative tests, and intraoperative findings summary

Recipients ID Sex Age Neuroma origin branch Tumor size 
(cm)

VEMPs Caloric stimulation PTA (dB Hl)

1 F 43 VEST SUP 5 Detectable Areflexia 17.5
2 M 43 VEST INF 3.5 Absent Hyporeflexia 61.25
3 F 47 VEST SUP 2.7 Detectable Areflexia 55
4 F 47 VEST INF 4.2 Absent Hyporeflexia 36.25
5 M 78 VEST INF 3.5 Absent Areflexia 77.5
6 F 57 VEST SUP 1.8 Detectable Areflexia 50
7 F 44 VEST SUP 1.7 Detectable Areflexia 52.5
8 M 34 VEST SUP 3.0 Absent Areflexia 13.75
9 M 64 VEST SUP 3.2 Detectable Areflexia 71.25
10 F 46 VEST SUP 3.0 Detectable Hyporeflexia 70
11 M 55 VEST SUP 3.0 Detectable Areflexia 35
12 F 72 VEST SUP 4.2 Detectable Areflexia 47.5
13 F 46 VEST SUP 2.8 Absent Hyporeflexia 63.75
14 M 63 VEST SUP 2.5 Detectable Hyporeflexia 75
15 F 40 VEST SUP 1.8 Detectable Hyporeflexia 30
16 F 50 VEST INF 2.0 Absent Hyporeflexia 30
17 F 63 VEST INF 1.8 Absent Hyporeflexia 28.75
18 F 83 VEST SUP 2.8 Absent Hyporeflexia 85
19 F 56 VEST SUP 4.0 Detectable Areflexia 55
20 M 51 VEST INF 4.8 Absent Areflexia 120
21 F 51 VEST INF 1.5 Detectable Hyporeflexia 40
22 F 62 VEST INF 2.8 Absent Hyporeflexia 113.75
23 M 23 VEST INF 4.2 Absent Hyporeflexia 181.25
24 F 35 VEST SUP 2.0 Detectable Hyporeflexia 12.5
25 F 49 VEST INF 2.8 Absent Hyporeflexia 20
26 F 66 VEST INF 2.0 Absent Hyporeflexia 66.25
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and inter-aural amplitude ratio (IAR), are thought to reflect 
the functioning of saccule and/or inferior branch of vestibu-
lar nerve although presently the test cannot differentially 
diagnose between lesions of these two sites. As the inferior 
vestibular nerve is involved in neural lesions such as ves-
tibular schwannoma, cVEMP can be a useful tool in the 
test battery. Furthermore, the proposed pathway of cVEMP 
involves neural impulses from the inferior vestibular nerve 
reaching the inferior vestibular nucleus in the brainstem. The 
descending arc is supposedly via the medial vestibulospinal 
tracts (MVST) that supply the spinal accessory nerve to the 
effector muscle SCM [12]. Thus, lesions or tumors of the 
lower brainstem can affect the cVEMP pathway either in 
its ascending path (inferior vestibular nerve) or descending 
path (MVST).

Caloric tests

Caloric tests were performed by standard bithermal irri-
gation of the external auditory meatus using air at 24 °C 
and 50 °C for 20 s. The test can conduct to three possible 
options: areflectic response (no nystagmus), hyporeflec-
tic (paresis), or standard (symmetric nystagmus). Canal 
paresis (CP) was calculated using the maximal slow-phase 
eye velocity of caloric nystagmus. CP values > 12% were 
defined as abnormally decreased on the affected side [1]. 
Authors considered to distinguish a group with hyporeflec-
tive response from another with areflective one.

Hearing level

The hearing level of the patients was detected preoperatively 
and pure tones averaging (PTA) were calculated.

Statistical analysis

Data were collected and analyzed by means of MedCalc 
and STATA statistical softwares. In order to determine 
the accuracy of preoperative test results to determine 
the branch of origin, authors selected receiver operating 
characteristic (ROC) curves analysis. A ROC curve is a 
graphical plot used to show the diagnostic ability of binary 
classifiers. A ROC curve is constructed by plotting the 
true positive rate (TPR-y axis) against the false positive 
rate (FPR-x axis). The higher is the AUC (area under the 
curve) value obtained, the higher is the accuracy of the 
preoperative test to identify the branch of origin. In con-
sideration of the dicotomic variable (presence/absence) for 
VEMPs and caloric stimulation Ny, the identification of 
a criterion of > 75 dB Hl for PTA ROC curve for inferior 
branch origin (the nearest branch to the cochlear one) was 
retained to include in the statistical analysis ROC curves 
of, respectively, the VEMPS absence (Fig. 1), detectable 

Ny at caloric stimulation (Fig. 2), and pure tone averag-
ing (PTA) (Fig. 3) for detection of inferior branch origin. 
Furthermore, it was calculated the interactive dot dia-
gram for PTA (Fig. 4) and the combined ROC curve with 
VEMPs absence, detectable Ny at caloric stimulation, and 
PTA values accuracy for the detection of he the inferior 
branch origin (Fig. 5). Statistical analysis data summary 
is reported in Table 2.

Fig. 1  ROC curve of the variable VEMPs absence for identification 
of inferior branch origin (criterion: not detectable, p > 0.0001)

Fig. 2  ROC curve of the variable Ny detectable at caloric stimula-
tion for identification of inferior branch origin (criterion detectable, 
p = 0.0194)
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Results

Preoperative testing data analysis showed the possibility to 
predict the branch of origin of the lesion. ROC curve of the 
variable VEMPs absence for the detection of the inferior 
branch origin showed an area under the curve (AUC) of 0.855 
(p < 0.0001), indicating a high accuracy (Fig. 1). Both the 
detection of nystagmus at caloric stimulation (Fig. 2) and PTA 
(Fig. 3) ROC curves indicated a slight accuracy for inferior 
branch origin of the tumor, with AUC values of, respectively, 
0.709 (p = 0.0194) and 0.603 (p = 0.3999). A PTA > 75 dB Hl, 
despite the not significant p value obtained, was obtained as 
criterion of accuracy for vestibular inferior branch involve-
ment (Fig. 4). Moreover, the ROC curve of combined VEMPs 
absence, Ny detectable at caloric stimulation, and PTA > 75 dB 
Hl allowed to obtain high accuracy for inferior vestibular nerve 
implant of the tumor, with statistical significance (area under 
the curve-AUC = 0.8788, p = 0.012), as shown in Fig. 5.

Neurosurgeons were blinded to the presumed branch of 
origin prior to surgery. The branch of tumor origin was iden-
tified in all patients by neurosurgeons. In 2 patients on 26, 
it was not possible to correctly identify preoperatively the 
branch of origin.

Discussion

Authors investigated whether audiologic and vestibular tests 
can predict the branch of origin of VS. Caloric stimulation 
is effective on the horizontal semicircular canal and SVN 

Fig. 3  ROC curve of the variable PTA for identification of inferior 
branch origin (criterion: > 75 dB HL, p = 0.3999)

Fig. 4  Interactive dot diagram for PTA in vestibular superior branch 
(0) and inferior one (1)

Fig. 5  ROC curve of combined VEMPs absence, Ny detectable at 
caloric stimulation, and PTA for identification of inferior branch ori-
gin (p = 0.012)
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function. VEMPs are related to the posterior semicircular 
canal, innervated by IVN. The combination of both tests 
allow to discriminate between superior and inferior nerve 
branch function  [6]. VEMPs test could be really useful 
for the diagnosis of VS and it should be assumed that it is 
the most robust diagnostic method in order to differentiate 
between superior and inferior vestibular branches.

In this study, caloric stimulation and VEMPs  results 
allowed to predict the tumor branch of origin. In patients 
with revealable nystagmus at caloric stimulation and no 
VEMPs thebranch of origin was IVN. In those cases with 
VEMPs presence and no caloric stimulation responses the 
branch of origin was SVN. Therefore, VEMPs and caloric 
stimulation results can aid the neurosurgeon to better 
approach the dissection by means of previously know the 
hypothetic branch of origin of the tumor. Still, these findings 
alone cannot have sufficient accuracy to predict the origin of 
the tumor and in some cases VEMPs are absent also in supe-
rior branch involvement. Chen et al. [3] also reported that 
in patients with a normal caloric response and no VEMP, 
the tumor had originated from the IVN. Tsutsumi et al. [14] 
reported that the complete disappearance of VEMPs was 
observed only in patients with tumors arising from the IVN. 
In patients with vestibular neuroma, VEMP could be used as 
an indicator of IVN involvement [9, 16].

The nerve of origin in 24 patients on 26 was correctly 
identified with preoperative tests. These numbers were in 
agreement with previous reports [4, 5, 13, 15]. Moreo-
ver, our findings show that the combination of absence 
of VEMPS, detectable Ny at caloric stimulation, and 
PTA > 75 dB HL conducts to a higher accuracy in terms of 
prediction of inferior branch involvement, despite the the 
number of patients in this study is very small and needs 
confirmation with higher sample numbers. This informa-
tion did not have an impact on the surgical approach, but the 
knowledge of the vestibular nerve of origin could be useful 
for the intraoperative strategy of microsurgical removal of 
VS, especially in patients with small tumors. In particular, 

cutting the capsule and starting the intracapsular debulking 
of tumor in correspondence of the nerve of origin allow to 
maintain intact the arachnoidal lane for the following cap-
sule elevation and dissection from brainstem and for facial 
nerve and, in selected cases, for hearing preservation. This 
is particularly important in small VS with socially helpful 
preoperative hearing in order to preserve in the best way 
the cochlear nerve, but also in larger VS, starting dissection 
from the vestibular branch of origin allows a better control 
of the arachnoid lane surrounding the facial nerve.

Recipients with tumor origin on the IVN usually show 
bad hearing results [7]. During IVN dissection, cochlear 
nerve can be directly damaged or its blood supply can be 
involved mainly due to the close anathomical position [10, 
17]. In both, patients with with VEMPs absence and reveal-
able responses at caloric stimulation, and those with reveal-
able VEMPs and no nystagmus at caloric stimulation, it was 
possible to predict the VS branch of origin. Prolonged VEMP 
latencies may be caused not only by tumor compression to 
the brain stem or vestibular spinal tract, but also by tumor 
compression isolated to the IVN [8]. Moreover, caloric test 
interpretation between areflectic and hyporeflective responses 
is not so obvious in most cases. It should be then pointed 
out the possibility of border cases where the combination 
of these tests could not clarify if the tumor grows from the 
superior or inferior vestibular branch. Still, VEMP tests are 
considered to be a clinical test of the IVN, whereas caloric 
testing is a clinical evaluation of the superior vestibular sys-
tem. In combination with caloric response testing, VEMP 
responses have facilitated separate examinations of the 
inferior and SVN functions [6]. And pure tone audiometry 
enhances information concerning these diagnostic tasks.

In conclusion, this study indicates that the results of 
VEMPS, caloric tests, and pure tone audiometry values in 
patients with VS could be used to identify the nerve origin 
of the tumor. The combined analysis of these three tests can 
predict the nerve of tumor origin and disclose the residual 
function of the IVN.

Table 2  Statistical analysis summary

** Combined variables ROC curve values referred to each single variable ROC curve

ROC VEMPs ROC caloric ROC PTA ROC VEMPS + caloric + PTA

AUC 0.855 0.709 0.603 0.8788
Sensitivity 90.9 81.8 36.4 **
Specificity 80.1 60 93.3 **
Criterion Absence Ny detectable  > 75 dB HL VEMPs absence, Ny detectable at 

caloric stimulation, PTA > 75 dB 
HL

P  < 0.0001 0.0194 0.3999 0.012
Standard error 0.0702 0.0895 0.122 **
95% CI 0.661–0.961 0.499–0.869 0.394–0.788 **
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The audiologic cochleovestibular tests are short and inex-
pensive; therefore, it would be practical to make this part of 
the routine examination for patients with VS, as they are also 
important for predicting hearing preservation.

Conclusion

Audiological and vestibular evaluation with auditory thresh-
old PTA, VEMPs, and caloric stimulation can predict the 
vestibular tumor branch of origin with high accuracy. Of 
course, further studies with larger population, prospective 
cohort case control, and double blinded are needed in order 
to confirm these findings. Still, the high accuracy found for 
audiological and vestibular combined preoperative tests in 
terms of branch of origin identification should open new 
perspectives concerning not only surgical aspects, but of 
course also patient preoperative counseling.
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