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of Origin for Vestibular Schwannoma and Predicting the
Preservation of Hearing

Yu-Bo He'?, Chun-Jiang Yu', Hong-Ming Ji?, Yan-Ming Qu', Ning Chen'

"Department of Neurosurgery, Sanbo Brain Hospital, Capital Medical University, Beijing 100093, China
?Department of Neurosurgery, Shanxi Provincial People’s Hospital, Taiyuan, Shanxi 030012, China

Background: Determining the nerve of origin for vestibular schwannoma (VS), as a method for predicting hearing prognosis, has not
been systematically considered. The vestibular test can be used to investigate the function of the superior vestibular nerve (SVN) and the
inferior vestibular nerve (IVN). This study aimed to preoperatively distinguish the nerve of origin for VS patients using the vestibular
test, and determine if this correlated with hearing preservation.

Methods: A total of 106 patients with unilateral VS were enrolled in this study prospectively. Each patient received a caloric test,
vestibular-evoked myogenic potential (VEMP) test, and cochlear nerve function test (hearing) before the operation and 1 week, 3, and
6 months, postoperatively. All patients underwent surgical removal of the VS using the suboccipital approach. During the operation,
the nerve of tumor origin (SVN or IVN) was identified by the surgeon. Tumor size was measured by preoperative magnetic resonance
imaging.

Results: The nerve of tumor origin could not be unequivocally identified in 38 patients (38/106, 35.80%). These patients were not subsequently
evaluated. In 26 patients (nine females, seventeen males), tumors arose from the SVN and in 42 patients (18 females, 24 males), tumors
arose from the IVN. Comparing with the nerve of origins (SVN and IVN) of tumors, the results of the caloric tests and VEMP tests were
significantly different in tumors originating from the SVN and the IVN in our study. Hearing was preserved in 16 of 26 patients (61.54%)
with SVN-originating tumors, whereas hearing was preserved in only seven of 42 patients (16.67%) with IVN-originating tumors.
Conclusions: Our data suggest that caloric and VEMP tests might help to identify whether VS tumors originate from the SVN or IVN.
These tests could also be used to evaluate the residual function of the nerves after surgery. Using this information, we might better predict
the preservation of hearing for patients.
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INTRODUCTION Caloric tests are used to estimate the function of the SVN,
which innervates the horizontal semicircular canal and is
responsible for the caloric response. Vestibular-evoked
myogenic potential (VEMP) tests reflect the sacculocollic
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reflex and are used to evaluate IVN function. If the results
of these two tests correlate with the nerve of tumor origin,
they will be useful to preoperatively predict the odds of
hearing preservation.!?!

For this study, we obtained the preoperative and postoperative
results of caloric and VEMP tests. Furthermore, we also
evaluated the correlations of those with the intraoperative
findings regarding the nerve of tumor origin and hearing level
in 106 VS patients. We evaluated the efficacy of determining
the nerve of tumor origin of VS via these tests, and looked
for a relationship between the nerve of tumor origin and
hearing outcome after surgery.

MeTHoDS

Patient population

This study included 106 patients with unilateral VS (37 males,
69 females) who underwent surgical removal of the tumor
between September 2012 and September 2015. Each patient
received a caloric test, VEMP test, and hearing level test
before the operation and at 1 week, 3 months, and 6 months
after the operation. Only the patients for whom the nerve
of tumor origin could be unequivocally identified during
surgery were included in the analyses. This study was
approved by the Ethics Committee of Sanbo Brain Hospital,
Capital Medical University, and performed in accordance
with the principles of the Declaration of Helsinki. All
participants gave written informed consents.

Magnetic resonance imaging

A 3.0-T superconducting magnet with a standard head
coil (Siemens 3.0-T Nova, Germany) was used for the head
magnetic resonance imaging examinations.

Vestibular-evoked myogenic potential testing

VEMP tests were recorded using the ECLIPSE Objective
Hearing Test Platform (Interacoustics, Copenhagen,
Denmark). For measurements of VEMP, a surface electrode
was placed on the upper half of the sternocleidomastoid
muscle ipsilateral to the stimulated ear, with a reference
electrode on the upper sternum. The patients were placed in
a supine position and instructed to rotate their heads toward
the nonstimulated ear. The ground electrode was placed
on the nasion. The responses of VEMP were regarded as
abnormal when the responses on the affected side were
absent or decreased compared with those of the unaffected
side. Rarefaction clicks (0.1 ms, 95 dB normal hearing
level [nHL]) and short tone burst (500 Hz, rise/fall time
1 ms, plateau time 2 ms, 95 dB nHL) through an inserted
earphone were used as the stimulus.

We analyzed the amplitude of the first positive—negative
peak (p13-n23) of the VEMP. The evoked potential ratio of
VEMP was calculated using the following formula:™

VEMP asymmetry (%) = 100 (Au — Aa)/(Au + Aa).

Where Aa is the amplitude of p13-n23 on the affected side
and Au is the amplitude on the unaffected side. Based on

the above ratio, patients were divided into three classes by
VEMP tests: normal, reduced, and no response class.

Caloric tests

Caloric tests were performed by standard bithermal irrigation
of the external auditory meatus using air at 24°C and 50°C
for 20 s while performing electronystagmography. 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.
The unilateral weakness of the caloric test was calculated
with peak slow-phase velocity of induced nystagmus as
follows:

([UW + UC] — [AW + AC])/(UW + UC + AW + AC) x100.

Where UW, UC, AW, and AC are peak slow-phase velocities
of the responses to unaffected side warm, unaffected side
cool, affected side warm, and affected side cool irrigations,
respectively.

Patients were classified into the following groups according
to the degree of preoperative caloric paresis: Group 1,
normoreflexia, caloric paresis between 0 and 12%; Group 2,
hyporeflexia, caloric paresis between 12% and 99%; and
Group 3, areflexia, caloric paresis is 100%, there was no
response.

Hearing level

The hearing level of the patients was classified into four
classes, A, B, C, and D according to the American Academy
of Otolaryngology-Head and Neck Surgery (AAO-HNS)
Classification.”) Preoperative hearing was categorized as
Class A in 21 patients, Class B in 19, Class C in 11, and
Class D with residual hearing remnants in 17 patients.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 16.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were shown as mean =+ standard deviation
(SD). The »* test was used to analyze the data as appropriate.
A value of P <0.05 was considered statistically significant.

ResuLts

The nerve of vestibular schwannoma origin

Among the 106 enrolled patients with VS, the nerve of
tumor origin in 38 patients could not be unequivocally
identified during the operation; therefore, they were not
further evaluated. The nerve of tumor origin was identified
in 68 patients by neurosurgeons. In 42 patients, the tumor
arose from the IVN and in 26 patients, it arose from the
SVN.

Vestibular tests

Based on the evoked potential ratio, patients were divided
into three classes based on VEMP results: normal, reduced,
and no response. Nine of the 68 VS patients displayed
abnormal VEMP and normoreflexia from the caloric
test [Table 1]. During the operation, patients with abnormal
VEMP and normal caloric test had a tumor that originated
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from the IVN. Thirteen patients showed normal VEMP
and abnormal caloric tests [Table 2]. Those 13 patients
had a tumor that originated from the SVN. The rest of the
patients showed abnormal VEMP and caloric tests, and
this group had tumors involving both the IVN and the
SVN. The origin of these tumors could not be determined
preoperation [Figures land 2].

Hearing preservation and tumor origin

Hearing was preserved in 23 patients. In 16 cases, the tumor
originated from the SVN and in seven cases, the IVN was
identified as the nerve of origin. Hearing quality revealed
AAO-HNS Class A in six patients (two IVNs, four SVNs),
Class B in five (one IVN, four SVNs), Class C in four (one
IVN, three SVNs), and Class D with hearing remnants in
eight (three IVNs, five SVNs). Among the 16 cases whose
tumors originated from SVN, 12 showed normal VEMP and
abnormal caloric tests, the rest showed both abnormal VEMP
and caloric tests. Among the seven cases whose tumors
originated from IVN, two cases showed abnormal VEMP
and normal caloric tests, the rest showed both abnormal
results [Table 3].

Table 1: Vestibular-evoked myogenic potentials and the
nerve of tumor origin

The nerve of Normal  Reduced  Noresponse  Total
tumor origin (n) (n) (n) (m)
SVN 13 8 5 26
IVN 0 33 9 42
SUM 13 41 14 68

SVN: Superior vestibular nerve; IVN: Inferior vestibular nerve;
SUM: Summation.

Table 2: Caloric test and the nerve of tumor origin

The nerve of Normal Reduced  Noresponse  Total
tumor origin (m) (m) (m) (m)
SVN 0 16 10 26
IVN 9 22 11 42
SUM 9 38 21 68

SVN: Superior vestibular nerve; IVN: Inferior vestibular nerve;
SUM: Summation.

Hearing preservation and tumor size

Unlike previous reports, smaller tumors tended to have
better hearing results, in this study, hearing preservation
did not have a significant difference with regard to
tumor size, but a significant difference was found
with the tumor origin. The mean tumor size measured
12.4 mm = 4.2 mm; the SVN mean tumor size measured
12.7 mm + 4.8 mm; and the IVN mean tumor size
measured 10.9 mm + 3.6 mm [Table 4]. Among the
23 patients with hearing preservation, the mean tumor
size for patients with AAO-HNS Class A hearing was
11.5 mm £ 4.3 mm, for Class B, it was 11.2 mm + 3.9 mm,
for Class C, it was 12.3 mm % 4.4 mm, and for Class D,
it was 11.9 mm + 3.8 mm. When comparing tumor size
in patients with hearing preservation versus those who
postoperatively lost their hearing, mean tumor size in
hearing patients was 11.9 mm + 4.6 mm, compared

Table 3: Hearing preservation and the nerve of tumor
origin

The nerve of Normal Normal caloric Both Total
tumor origin  VEMP (n) test (n) abnormal (n) (n)
SVN 12 0 4 16
IVN 0 2 5 7
SUM 12 2 9 23

VEMP: Vestibular-evoked myogenic potential; SVN: Superior vestibular
nerve; IVN: Inferior vestibular nerve; SUM: Summation.

Table 4: The nerve of tumor origin and results of
vestibular tests in 106 patients with VS

The nerve of n Tumor Number of patients
tumor origin size (mm), with normal response
mean = 8D yemp  Caloric test
Identified 68 124+42 13 9
SVN 26 12.7+48 13 0
IVN 42 10.9+3.6 0 9
Not identified 38 154+45 - -

VS: Vestibular schwannoma; VEMP: Vestibular evoked myogenic
potential; SVN: Superior vestibular nerve; IVN: Inferior vestibular
nerve. — N/A.

o

Figure 1: A 41-year-old man (case 1) with a right vestibular schwannoma. MRI revealed a 1.2 cm space-occupying lesion in the right cerebellopontine
angle. (A) Vestibular schwannoma; (B) Superior vestibular nerve (preoperation); (C) Inferior vestibular nerve (preoperation); (D) Superior vestibular
nerves (postoperation); (E) Inferior vestibular nerve (postoperation). MRI: Magnetic resonance imaging.
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Figure 2: VEMP results of one case, which showed a bilateral normal
threshold. Amplitude ratio of R/L (=1.2) is slightly less than the normal
value (=1.6). The degree of asymmetry (=0.09) is also slightly less
than the normal value (=0.25). VEMP: Vestibular-evoked myogenic
potential; R/L: Right/Left.

with 12.5 mm £ 4.1 mm in patients with postoperative
deafness (P = 0.623, y* test).

Discussion

In this study, we investigated whether vestibular testing such
as VEMP or caloric tests are predictive of the nerve of origin
for VS and postoperative hearing preservation.

The horizontal semicircular canal can be primarily stimulated
by caloric testing. Caloric testing represents the function
of SVN, which innervates the horizontal semicircular
canal. VEMP testing represents the function of IVN, which
innervates the posterior semicircular canal. In combination
with caloric testing, VEMP tests have facilitated separate
examinations of the inferior and SVN functions.!®’ VEMP
tests could be useful for the diagnosis of VS, especially for
classifying VS according to their nerve of origin.F!

In this study, the results of caloric testing and VEMP tests
were different between patients with SVN tumors and
those with IVN tumors. These responses indicate that there
are clear correlations between the vestibular tests and the
nerve origin of the tumor. In the patients with no VEMP and
normal/weakened caloric testing, the nerve of tumor origin
was [VN. Therefore, the VEMP test aids the neurosurgeon
to distinguish the nerve of origin. In patients classified as
areflexia based on caloric testing and normal VEMP, the
nerve of tumor origin was SVN. Chen et al.”" also reported
that in patients with a normal caloric response and no VEMP,
the tumor had originated from the IVN. Tsutsumi et al.’®)
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."!%

The nerve of origin in 68 patients (68/106,64.15%) of all the
VS patients could be identified. In 26 patients (26/68,38.24%)
of identified patients, the nerve of origin was the SVN, and 42
patients (42/68,61.76%) of identified of patients had inferior VS.
These numbers were in agreement with previous reports.!!-4
In this study, the nerve of tumor origin for most of the patients
whose hearing was preserved (16) was the SVN; the number

of IVN origins was only seven. This suggests that the tumor
origin is important to the success of hearing preservation. At
the same time, vestibular tests are also a predictive factor for
hearing preservation preoperation. The probability of hearing
preservation in patients with normal VEMP and abnormal
caloric tests was larger compared with abnormal VEMP and
normal caloric test. The hearing in 12 of 16 patients of SVN
origins with normal VEMP and abnormal caloric tests was
preserved compared with two of seven of IVN origins with
abnormal VEMP and normal caloric tests [Table 3]. The close
relationship between the cochlear nerve and the greater potential
for tumor extension under the transverse crest is considered
responsible for the low rate of hearing preservation associated
with schwannomas originating from the IVN.>'*) Adhesion
of the tumor to the adjacent structures, including the cochlear
nerve, is considered to be another risk factor.!'® Normal VEMP
suggests that the nerve of tumor origin is the SVN, indicating
that the IVN and the cochlear nerve are less affected.

Poor hearing results have been observed in patients with
tumors originating from the IVN.IY The close anatomical
relationship between IVN schwannomas and the cochlear
nerve requires a more deliberate dissection, which might
compromise blood supply and directly traumatize the
cochlear nerve.™

In the patients with no VEMP and a normal caloric test or
with areflexia caloric testing and a normal VEMP, prediction
of the VS nerve of origin was definite. In other cases, for
example, the patients with no VEMP and hyporeflexia caloric
testing, or with areflexia caloric testing and hyporeflexia
of VEMP, the prediction of the nerve of tumor origin was
difficult. In other cases, the patients with hyporeflexia of
both VEMP and caloric tests, the prediction was impossible.
Some researchers have also found that the VEMP might
be useful to distinguish between IVN and SVN tumor
origins. Chen et al.l”! reported that patients with a normal
caloric response and no VEMP had tumors originating
from the IVN. Tsutsumi et al.™® reported that the complete
disappearance of VEMPs was observed only in patients with
tumors arising from the IVN. Iwasaki et al.'®! also reported
that with abnormal VEMP responses and normal caloric
test responses, some patients might be diagnosed as having
disease that only involves the IVN region.

The nerve of tumor origin has been shown to be correlated
with the size and location of the tumor.'”¥! Some results
also suggested that the VEMP test could be useful for the
diagnosis of AN, especially for classifying ANs according
to the involved nerves.P! In this study, the nerve of tumor
origin in 38 of the 106 patients could not be determined. The
reasons for this will be the subject of future studies. VS of
the intracanalicular type might simultaneously compress
the SVN and VN via a scissor-like hold between the tumor
and the TAC wall, resulting in a disturbance of both the
vestibular nerves.!'”

In this study, prolonged VEMP latencies were not only
caused by tumor compression to the brain stem or vestibular
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spinal tract, but also by tumor compression isolated to the
IVN.'"I'VEMP tests are considered to be a clinical test of
the IVN, whereas caloric testing is a clinical evaluation of
the superior vestibular system. In combination with caloric
response testing, VEMP responses have facilitated separate
examinations of the inferior and SVN functions.!*!

This study had several limitations. The hearing of 23 patients
was preserved. The nerve of tumor origin in 16 of them
was the SVN and the others arose from the IVN. Hearing
preservation had a distinct and clear relationship with the
nerve of tumor origin. At the same time, it was found that
the patients whose hearing was preserved also had smaller
tumors. This suggests that hearing preservation has a
relationship with nerve origin and tumor size simultaneously.
However, tumor volume has not yet been considered as an
independent factor for hearing in this study because of the
small patient population, there was no statistical analysis. In
a future study, we will increase the sample size and further
analyze this relationship.

In conclusion, this study indicated that the results of VEMP
and caloric tests in patients with VS could be used to identify
the nerve origin of the tumor. The vestibular tests can predict
the nerve of tumor origin and disclose the residual function
of the IVN. This study showed a clinical application of
VEMP testing to determine IVN integrity.[”! In some cases,
a prediction of the nerve of origin for VS could be made
depending on VEMP testing.[® The vestibular tests are short
and inexpensive; therefore, it would be practical to make
this part of the routine examination for patients with VS,
as vestibular tests are also important for predicting hearing
preservation.
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