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[Abstract] Vestibular schwannomas (VS) are benign tumors of the vestibular nerve. The common
first symptoms are hearing loss and tinnitus, followed by imbalance, vertigo, and facial nerve
involvement. The subjective symptoms of VS patients are not consistent with the severity of
vestibular lesions and the results of vestibular tests, which often interfere with clinicians’ diagnoses.
Thus, the main screening and diagnostic methods for VS are audiometry and magnetic resonance
imaging (MRI), ignoring the evaluation of vestibular function at the source of pathological
lesions. With the development and improvement of vestibular evaluation technology and its
wide application in the clinic, modern vestibular examination technology can reflect the severity
and frequency of vestibular lesions and compensation from multiple perspectives, providing an
objective basis for the diagnosis and treatment of vestibular diseases. In this report, we review the
results and characteristics of vestibular tests in VS patients and further clarify the clinical value of

vestibular function assessment in the diagnosis and treatment of VS.
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Vestibular schwannoma (VS) is a benign
neoplasm arising from the Schwann cells of the
vestibular (8th cranial) nervel'. The slow-growing
(1-2 mm per year) tumors account for approximately
6% of all brain tumors and occupy up to 80%—-90%
of the cerebellopontine angle (CPA) region®“. The
overall incidence of VS is 1.4 per 100 000 per year and
remains relatively stable®!.

The clinical manifestations of VS are varied.
Auditory symptoms such as unilateral sensorineural
hearing loss (94%) and tinnitus (83%) are the common
first symptoms at diagnosis® 7. The frequency,
severity, and progression of the vestibular symptoms
such as vertigo, dizziness, and postural instability vary
widely (17%—75% of the patients), but they are likely
underreported™® 1.

The main screening and diagnostic methods for
VS are audiometry and magnetic resonance imaging
(MRI), but the evaluation of vestibular function at the
source of pathological lesions has gained little attention.
As the gold standard of VS diagnosis, MRI cannot be
widely used in the screening of patients with vestibular
symptoms owing to the high costs!'®. As a result, VS
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may be misdiagnosed as peripheral diseases such as
sudden deafness with vertigo, vestibular neuritis (VN),
vestibulopathy, and Meniere’s disease (MD).

With improvements in vestibular-function detection
technology and vestibular pathology cognition,
current vestibular function tests are more focused
on the diagnosis of VS. Given that the onset of VS
is usually insidious and gradual, the severity of
patients’ subjective symptoms is often inconsistent
with objective functional lesions. Modern vestibular
function tests have been able to reflect the severity,
frequency, and compensation from multiple angles,
providing a factual basis for the diagnosis and treatment
of vestibular diseases, which have important clinical
and diagnostic significance.

1 VS AND DIAGNOSIS

VS has three stages of growth—active growth,
static, and retreat pattern—and this growth pattern
includes progressive growth, stable growth, and
fluctuating growth!'!!. Clinical characteristics vary with
progression and mainly depend on tumor size, anatomic
location, growth rate, direction of development, blood
supply, and cystic changes(® 1> 1¥l. However, the natural
evolution of VS is complex, and the growth pattern
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and rate vary across patients at different stages. As the
tumor grows, it gradually compresses the surrounding
structures, including the auditory nerve, facial nerve,
trigeminal nerve, abducens nerve, cerebellum, and
brainstem, eventually resulting in corresponding
symptoms!'#, Although VS mostly originates from the
vestibular nerve, which is the first to be affected, there
are subtle or no vestibular symptoms in patients with
VS. In contrast, auditory symptoms such as hearing loss
and tinnitus are the common first symptoms presenting
at the time of diagnosis. Hence, the screening and
diagnosis of VS mainly rely on clinical symptoms,
audiometry, and MRI", whereas the evaluation of
the vestibular function at the source of pathological
lesions has not attracted enough attention. With the
development and improvement of modern vestibular
function tests, various tests have gradually played a
role in the clinical diagnosis of VS patients!'*,

2 CHARACTERISTICS OF VESTIBULAR NER-
VOUS SYSTEM LESIONS IN VS

There are two types of vestibular lesions—central
and peripheral; of these, peripheral lesions are located
in the nucleus of the vestibular nerve and its below!”.
Therefore, VS belongs to the category of peripheral
vestibular lesions. Vestibular lesions associated with
VS have the following characteristics:

(1) Most tumors occur in the peripheral part of
the vestibular nervous system and present as vestibular
dysfunction in various vestibular tests. At present, it is
unclear whether VS is a central or peripheral disease.
VS can be divided into internal auditory canal, cistern,
brainstem, and cranial hypertension stages. When VS
is in the brainstem and cranial hypertension stage, the
patients present symptoms of central diseases, which
becomes central clinical disease and shows features of
central examination results, such as Bruns nystagmus,
metagenesis nystagmus in the gaze test, and type III
waves in the smooth pursuit test!!> 1],

(2) VS presents with an insidious progression of
vestibular dysfunction and is generally asymptomatic
because of the timely establishment of vestibular
compensation”. The results of vestibular function
tests are contradictory to the clinical symptoms of
patients. For instance, in a previous report, one patient
had no typical symptoms of vertigo. Still, there was a
significant decrease in the gain of video head impulse
test (VHIT)!'"! and unilateral weakness in the caloric
test!®! at the affected semicircular canal.

(3) There is an excess of static tension in the
vestibular system because of chronic stimulation of the
vestibular nerve by the tumor, presenting spontaneous
nystagmus (SN) towards the affected side, difficulty
in standing with closed eyes, or tipping towards the
healthy sidel!®l,

(4) The VS on the affected vestibular nerve blocks
the transmission of information from the peripheral to
the central vestibular system, resulting in vestibular
dysfunction characterized by multi- or full-frequency
lesions, suggesting the possibility of vestibular
neuropathy!!”- 18 Caloric test and vHIT were used to
detect low- and high-frequency vestibular lesions,
respectively, and the sensitivity of the two tests to VS
was 72%!" and 80%!'” respectively, suggesting that
VHIT could be used as a screening tool for VS, owing
to its convenience.

3 VESTIBULAR FUNCTION TESTS IN VS

The peripheral vestibular lesion can be either
reversible or irreversible, wherein the irreversible lesion
can be compensated through vestibular rehabilitation
training to alleviate and eliminate clinical symptoms.
The development of vestibular examination technology
has gradually realized the multiple assessments of
vestibular function, including exploring the vestibular
lesion and evaluating compensatory status®®!. The
unilateral weakness (UW) in caloric test and the gain
and asymmetry in VHIT and vestibular autorotation
test (VAT) can be used to explore vestibular lesions,
whereas SN, subjective visual vertical/horizontal (SVV/
SVH), and sensory organization test (SOT) can assess
vestibular compensatory state in many aspects. The
lesion sites of different vestibular peripheral disorders
can be in the vestibular or terminal nerve. The vestibular
terminal lesion is frequency selectively, whereas the
vestibular nerve lesion is full- or multi-frequency,
and VS is one form of vestibular nerve lesion. The
development and improvement of vestibular detection
techniques with different frequencies provide effective
support for evaluating frequency characteristics of
peripheral vestibular disorders®!!. The caloric test
reflects vestibular function at ultralow frequencies
(0.025 Hz), whereas the vHIT and VAT evaluate high
frequencies (2—6 Hz). Additionally, the SVV/SVH and
SOT can reveal vestibular compensation. vHIT and
vestibular evoked myogenic potentials (VEMPs) can
identify the superior/inferior vestibular origin of VS
and monitor tumor progression. Therefore, the modern
vestibular function tests can determine the laterality,
affected frequencies, and nerve of origin of the
lesion, providing a basis for VS screening, diagnosis,
differential diagnosis, and surgical positioning!'!,

3.1 Caloric Test

Vertigo is generally not the primary symptom
of VS, but it is one of the clinical features of the
vestibular lesion with increased VS. Caloric test is a
routine itemized vestibular function test and should
not be neglected in VS diagnosis!™®. The horizontal
semicircular canal stimulated unilaterally by the caloric
test is innervated by the superior vestibular nerve. So
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that there may be a significant unilateral weakness in
caloric response when VS originates from the superior
part of the vestibular nerve. Borgmann et al®? tested
111 patients with VS preoperatively. They defined
pathologic caloric response as an indicator of the
involvement of superior vestibular nerve schwannomas
(SVN) and the normal finding as a sign of inferior
vestibular schwannomas (IVN). Of 111 patients, 90
(81%) with pathologic results in the preoperative
caloric test could predict nerve origin. This study
suggested that caloric test can help to predict the origin
of nerve in VS patients and could be used as an indirect
predictor of hearing preservation because patients with
SVN have less postoperative hearing loss than IVN.
On the contrary, Ushio et al™ found that there was
no significant difference in abnormal caloric response
between SVN and IVN patients, indicating that there
was no clear correlation between caloric response and
the origin of nerve in VS. Of note, the caloric test was
not performed in different tumor size groups in their
study; therefore, the effect of tumor volume on nerve
compression could not be excluded. The frequent
pathologic results of the caloric test may be due to
large tumors that may compress both the superior and
inferior vestibular nerves.

A study of 629 patients with VS by Tringali et
al'™ showed that there was a good correlation between
UW in caloric test and tumor size before surgery. The
VS patients with UW <20% had smaller tumor size
and higher postoperative hearing preservation rate,
whereas postoperative facial palsy was more frequently
observed in the group of VS patients with UW >70%.
Their study suggested that a normal caloric response can
be a good prognostic factor for postoperative hearing
and facial function preservation. In a prospective study
involving the assessment of 38 patients with unilateral
VS, Wagner et al* compared groups with VS <20
mm and VS >20 mm, and found that the latter group
had more severe vestibular dysfunction (median UW:
36%). Ushio et al® also found that the mean tumor
size in VS patients who showed abnormal caloric
responses was larger than that in those who had normal
responses. In contrast, Teggi et al®! suggested that it
was intracanalicular length and diameter of the tumor,
not total tumor volume, that influenced the vestibular
function. In summary, the available data indicates that
UW of the caloric test is correlated with tumor size—
which can provide a basis for objective diagnosis
of VS—and can be used as a predictive factor for
postoperative hearing preservation?,

3.2 Video Head Impulse Test

Both caloric test and VHIT serve to evaluate the
function of horizontal vestibule-ocular reflex (VOR).
The former cannot evaluate anterior and posterior
semicircular canal function, whereas the latter can
assess six semicircular canal functions separately.

VHIT can effectively evaluate the origin of VS
through VOR and detect the severity of the affected
semicircular canal and monitor the progression of VS.
West et all'' examined 59 patients with unilateral VS
and found that the sensitivity was 80% for vHIT, and
the VHIT asymmetry ratio did not correlate positively
with tumor size. However, the asymmetry ratio of
medium-sized tumors was significantly higher than
that of small tumors, and the occurrence of saccades
was related to larger tumors, while the smaller tumors
have significantly fewer saccades. Bloching et all*”
found a relationship between low tumor grade and
caloric test, but not VHIT. The available data suggested
that vHIT is unsuitable for predicting tumor size
accurately. However, the VHIT may be sensitive to
the progression of an individual tumor so that it is
possible to investigate waiting-and-scan patients in
a longitudinal setting repeatedly. Conpanzo et al*®
preoperatively evaluated 31 sporadic VS patients with
VvHIT (gain of VOR, overt and covert saccades on each
semicircular canal), and the results showed that vHIT
could correctly identify the nerve of origin in 89.7%
cases. They concluded that the pattern of semicircular
canal dysfunction on VHIT had a localizing value to
identify the nerve of origin in VS. The vHIT and caloric
test detected the VOR function at different frequencies
(for vHIT, 2-5 Hz™; for caloric test, 0.003 Hz"). The
vestibular function test at different frequencies provides
a deeper insight into the VOR function. According to
available studies, both vHIT and caloric test should
be considered complementary; mainly, vHIT could be
used as a screening tool for VS given its convenience.
3.3 Vestibular Autorotation Test

VAT is a high-frequency and broadband VOR
detection technique with a detection frequency band
of 2.0-6.0 Hz, which is close to the natural activity
frequency of the human body®". This technique offers
a simple and easy method to detect the function of the
horizontal and vertical semicircular canals through the
subjects fixated at a stable target, whereas moving the
head horizontally from side to side and vertically up
to down according to auditory signals with increasing
frequencies. The evaluation criteria of VAT include gain,
phase, and asymmetry. The gain, defined as the ratio
of eye-movement velocity to head-movement velocity,
is the intensity index of VOR. The phase represents
the temporal relationship between the input of head
movement information and the output of eye movement
information, i.e., the response speed of the vestibular
system to the stimulus. Asymmetry is a symmetric
index of left and right eye-movement velocity in VOR,
reflecting the difference of the strength and weakness
of horizontal semicircular canal function. Compared
with the gain, the phase is relatively stable because it
is not affected by vestibular compensation®®?. Previous
studies have shown that VAT has an essential value in
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diagnosing VNB3!, Therefore, the value of VAT in the
diagnosis of VS deserves attention because VS is also
one type of vestibular nerve lesion.

3.4 Vestibular Evoked Myogenic Potentials

In recent years, the role of vestibular evoked
myogenic potentials (VEMPs) in the evaluation of VS
patients has gained increasing attention. The cervical
VEMP (cVEMP)P* and ocular VEMP (0VEMPs)P%,
stimulated by air-conducted sound (ACS) and bone-
conducted vibration (BCV), reflect the function of the
saccule and utricle, respectively, and predict the nerve
origin of VS. Previous studies have shown that VEMPs
have a significant clinical value in the diagnosis of
VS, and may even be the only sign of unilateral VS&!,
Iwasaki et al®*"! thought that BCV oVEMP could reflect
the function of the SVN, whereas some studies have
also shown that VEMPs cannot be used to predict the
nerve of origin in VS. In a study of 130 VS patients
histologically diagnosed by surgery, there was no
significant difference in VEMPs between patients with
SVN and IVNE®, Ushio et al®! were also unable to
find a clear correlation between VEMP results and the
origin of nerve of the tumor. They suggested that large
VS affects functions of both the SVN and the IVN,
regardless of the origin of nerve because of the limited
space of the internal acoustic canal.

Concerning tumor size, some authors described
that the amplitude of ACS cVEMP was decreased or
absent in up to 80% of VS patients??. The amplitude
decreases in association with an increase in tumor
size. Larger tumors and those located more medially
are more commonly associated with cVEMP
abnormalities'> 4, However, comparing the volume
of tumor in the internal acoustic canal, Ushio et al*’!
could not observe any difference between patients with
abnormal and normal VEMPs responses. In summary,
although there is currently no consensus regarding the
use of VEMPs in detecting VS, they have played a role
in VS diagnosis.

3.5 Evaluation of Balance Function in VS

Vestibular, visual, and somatosensory information
is required to maintain balance, and the computer
dynamic posturography (CDP) can provide an objective
evaluation of the postural stability™!. Postural stability
in VS patients deteriorates with a gradual decrease of
vestibular input due to tumor growth, even though VS
patients do not experience severe vertigo. VS patients
with vertigo, dizziness, and/or imbalance symptoms
scored lower in CDP testing than those without
symptoms, and even patients with small tumors had
lower scores than normal subjects™®> . The central
compensation may mask the slow progression of
peripheral vestibular dysfunction caused by slow-
growing tumors, whereas the progressive deterioration
of vestibular function eventually leads to postural
instability that affects the patients’ quality of life.

Ribeyre et al* found a correlation between
postural stability and tumor size, postural swaying
increased when the tumor was small, and this would
improve with the increase of tumor size until the tumor
compressing the brainstem. Nam et a/! demonstrated
that postural instability was prevalent in patients with
VS. There were no significant differences in parameters
of SOT between the acute onset and insidious onset
groups, but increased tumor size and canal weakness
were noted in the insidious onset group. Yin et alt*!
examined 22 patients with small VS (<20 mm) and
found that these patients may have a normal gait. Still,
their vestibular deficit could be detected by proper
gait analysis especially with visual deprivation. In
conclusion, CDP can objectively evaluate the balance
function of VS patients and dynamically monitor the
status of the vestibular lesion in VS patients.

3.6 Subjective Visual Vertical/Horizontal Values

The subjective visual vertical (SVV) and
subjective visual horizontal (SVH) values evaluate
the function of the otolithic pathways, which belong
to the evaluation technology of VOR, reflecting
the static tension balance of the bilateral otolithic
system!. Zhao et al*! showed that SVV can not only
evaluate the range of unilateral peripheral vestibular
dysfunction but also assess the static compensatory
state of the otolithic system. However, comparing the
abnormal deviation of SVV in 47 VS patients, Cada
et al* did not observe a significant difference before
and after operation (on the postoperative week 3 and
month 3). Similarly, Thomeer et al*® evaluated the
vestibular compensations of 48 VS patients at different
stages after surgery and suggested that SVV was not a
good prognostic factor because of its lack of sensitivity
in evaluating the postoperative compensation in VS
patients. These results are in agreement with those
reported by Furman et al*!. In conclusion, SVV/SVH
is currently not a practical compensatory assessment
for VS, but it can be used to assess otolithic function in
VS patients at the early stage of the disease.

With the development and improvement of
modern vestibular examination technology, the weight
of vestibular function tests in VS diagnosis will be
gradually increased.

4 DISCUSSION

VS are benign neoplasms arising from the Schwann
cells of the vestibular nerve, with the vestibular nerve
being the earliest involved. But based on its growth
characteristics, hearing loss and tinnitus are the primary
symptoms, followed by imbalance, vertigo and facial
nerve involvement, and even vestibular symptoms are
absent. The separation of internal vestibular lesions
and external symptoms in some patients with VS
seriously interferes with the clinician’s perspective,
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and even leads to missed diagnosis, delayed diagnosis
and misdiagnosis. Hence, the intrinsic pathological
characteristics and the corresponding changes of
clinical symptoms of VS should be given adequate
concern.

VS is a kind of slow-growing tumor that has
significantly different clinical manifestations at
different stages. VS often presents as an acute
vestibular syndrome (AVS) at the active stage, similar
to VN, with significant vestibular symptoms such as
vertigo and balance disorders. Given the slow growth
of the tumor, vestibular compensation is established
over time, and the typical vertigo symptoms of UVD
are absent, which can be inconsistent with the results
of vestibular function tests. The diagnosis of VS is
directly related to prognosis?* %31, VS presents with
the insidious progression of vestibular dysfunction and
is generally asymptomatic. The vestibular function
tests can reveal the intrinsic vestibular lesion and avoid
misdiagnosis and missed diagnosis.

Zhou et al®¥ reported that UVD, headache, and
ataxia were positively correlated with tumor size. By
estimating tumor size and the development of VS
according to patients’ symptoms and the results of
vestibular tests, clinicians can more effectively preserve
the facial nerve and hearing function during surgery.
Additionally, vestibular function in VS patients can
provide clinical evidence for the differential diagnosis
of VSB Some researchers considered that the
possibility of VS should be excluded when patients have
tinnitus, hearing loss, vertigo, and abnormal unilateral
cochlea and vestibular function!®. VS is screened by
using audiologic tests and MRI, whereas tests of
vestibular function are typically omitted. In addition
to a comprehensive and detailed history, audiology
and MRI, the clinical value of vestibular function
evaluation should also be considered in the diagnosis
of VS. Modern vestibular examination technology can
reflect the severity and frequency of vestibular lesions,
and compensation from multiple perspectives, timely
and effectively reveal the hidden vestibular lesions and
evaluate the vestibular compensation status. It provides
a more comprehensive and powerful support for the
objective and accurate evaluation of VS, and will play
an important role in the clinical diagnosis, treatment,
rehabilitation and research of VS in the future.
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