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Vestibular rehabilitation in patients after

vestibular schwannoma surgery

Vestibularni rehabilitace u pacientd po operaci
vestibularniho schwannomu

Abstract

This review aims to summarize the current vestibular rehabilitation options in patients after
vestibular schwannoma surgery. Resection of the tumor usually leads to unilateral acute peripheral
or combined vestibular loss caused by a surgical lesion to the branches of the vestibular nerve
and less frequently also a lesion in the cerebellum. In patients, the vestibular lesion manifests as
postural instability, vertigo, oscillopsia and vegetative symptoms. Human organisms react to this
state using the process of central compensation with a significant role of the cerebellum. The
goal of vestibular rehabilitation is to support this process and thus make recovery faster and
more efficient since not all patients are capable of sufficient restoration of vestibular function.
Currently, vestibular rehabilitation includes, apart from the specific vestibular exercise, modern
techniques using virtual reality space and prehabituation. Due to prehabituation, i.e, preoperative
chemical labyrinthectomy with intratympanically installed gentamicin, the timing of the origin
of the acute vestibular loss and surgical procedure is separated. Therefore, there is a chance of
achieving vestibular compensation before vestibular schwannoma removal. In the last decade,
the tools for virtual reality have become less expensive and more available in medical care. Virtual
reality is a technique used for generating an environment that can strengthen three-dimensional
optokinetic stimulation, subsequently the process of central compensation and finally it may
improve patients’ quality of life.

Souhrn

Cilem préce je podat pfehled o soucasnych moznostech vestibuldrni rehabilitace u pacientd po
operaci vestibuldrniho schwannomu. Resekce nddoru vede obvykle ke vzniku jednostranné akutnf
periferni ¢i kombinované vestibularni 1éze zpUsobené prerusenim vétvi vestibuldrntho nervu
a piipadné i poskozenim mozecku. Léze se projevuje u pacientd poruchami stability, zavrati, oscilopsif
a vegetativnim doprovodem. Lidsky organizmus na tuto situaci reaguje zahajenim mechanizmu
centralni kompenzace, v niZ hraje zasadni Ulohu mozecek. Cilem vestibuldrni rehabilitace je tyto
mechanizmy posilit a rekonvalescenci pacientld nejen zrychlit, ale zaroveri dosahnout i lepsich
funkenich vysledkd, nebot ne vsichni pacienti jsou schopni [ézi dostate¢né zkompenzovat. Vestibuldrni
rehabilitace v sobé v soucasné dobé zahrnuje kromé specifickych vestibuldrnich cvi¢enf také moznosti
vyuziti prehabituace a virtudini reality. Diky prehabituaci, tedy predoperacni chemické labyrintektomii
pomoci intratympanalné podaného gentamicinu, dochdzi k casovému oddéleni vzniku vestibularni
léze od vlastniho chirurgického vykonu a tim moznosti dosazeni vestibuldrni kompenzace jesté pred
samotnou resekci vestibuldrniho schwannomu. V posledni dekddé se nastroje pro vyuZiti virtualni
reality stavaji cenové dostupné, a tim padem i v Sirsi praxi pouzitelné. Prostfednictvim virtudini reality
moznosti posilovani centralnich kompenzacnich mechanizmd a tim dochazi ke zlepsenf kvality Zivota
pacientd.
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VESTIBULAR REHABILITATION IN PATIENTS AFTER VESTIBULAR SCHWANNOMA SURGERY

Introduction

Vestibular schwannoma

Vestibular schwannoma (VS), also called
acoustic neuroma, is a benign, slow-grow-
ing intracranial tumor arising from Schwann
cells, which myelinate the vestibular portion
of the eighth cranial nerve. It originates in
the internal auditory canal and can extend
into the cerebellopontine angle (CPA) (Fig. 1).
There is belief that it arises precisely from
the glial-Schwann cell junction (or so-called
Obersteiner-Redlich zone); however, accord-
ing to some authors, this hypothesis is ques-
tionable [1]. The incidence of these tumors
is 1 per 100,000 people/year, and the rate
has increased over time [2]. Patients with VS
experience dysfunction of structures shar-
ing anatomical proximity with the tumor.
The most typical clinical presentations as-
sociated with VS are hearing loss, tinnitus,
vertigo, dizziness, and disequilibrium. Some
patients show the dysfunction of other cra-
nial nerves, such as trigeminal (9%) and fa-
cial (6%) [3]. Patients with hearing loss usually
undergo audiometric evaluation and those
with vestibular disturbance have an oto-
neurologic examination. The finding of uni-
lateral or asymmetric sensorineural hearing
loss, tinnitus or any malfunction in other cra-
nial nerves should lead to imaging workup.
The standard method is gadolinium-en-
hanced MRI of the internal acoustic meatus.
VS typically occurs in the 5™ or 6™ decade of
life [2]. Current management options include
observation (wait and scan by MRI, 30%), ra-
diation treatment (stereotactic surgery with

Fig. 1. MRI of the brain — vestibular schwan-
noma of cerebellopontine angle (arrow).
Obr. 1. MR mozku - vestibuldrni schwan-
nom v mostomozeckovém koutu (Sipka).

the Leksell gamma knife, 30%), and surgi-
cal resection (40%). Management strategies
vary from center to center and depend on
size, growth, and patient risk factors. There is
a strong shift in the management of VS away
from active approaches (surgery and radia-
tion) toward a “wait-and-scan” approach [4].
The risk to adjacent structures, in particu-
lar, hearing preservation and facial nerve
function, is a critical component of patient
counselling and selection of treatment mo-
dalities. The main difference between radia-
tion and surgical intervention is that surgery
seeks to remove the tumor totally or near-
-totally, while radiation only seeks to prevent
additional growth [5,6]. The adverse events
associated with surgical resection are lesions
of the cranial nerves (mainly facial neuro-
pathy), cerebrospinal fluid leakage and in-
fection. Despite its invasiveness and adverse
effects, surgery still remains the most effi-
cacious treatment for acoustic neuromas —
only about 1% of patients require additional
therapy [5].

Acute peripheral (or combined)
vestibular loss

Inherently, the vestibular branch of the
eighth cranial nerve is almost always dis-
sected during the surgical procedure (Fig. 2),
and thus the patient experiences partial or
complete unilateral loss of vestibular func-
tion [7]. The peripheral vestibular system
consists of the saccule, utricle, and semicir-
cular canals. The neuroepithelial hair cells
within the peripheral vestibular apparatus

Fig. 2. MRI of the brain - 3 months after
the vestibular schwannoma resection.
Obr. 2. MR mozku - 3 mésice po resekci
vestibularniho schwannomu.

send projections to the vestibular nuclei in
the caudal pons and rostral dorsolateral me-
dulla by the vestibular division of the eighth
cranial nerve. The vestibular nucleus on each
side is divided into 4 sub-nuclei: the supe-
rior vestibular nucleus and medial vestibu-
lar nucleus (both responsible for the vesti-
bulo-ocular reflex [VOR]), lateral vestibular
nucleus (responsible for the vestibulospi-
nal reflex [VSR]) and descending vestibular
nucleus (connection mainly with the cere-
bellum). Some nuclei receive only primary
vestibular afferents, but most receive affer-
ents from the cerebellum, reticular forma-
tion, spinal cord, and contralateral vestibular
nuclei. The projections from the vestibular
nuclei extend to the cerebellum, extraocu-
lar nuclei, and spinal cord [8]. Any perturba-
tion induces static as well as dynamic vestib-
ular imbalance, therefore causing postural
(inclination of the head and body toward
the affected side, incapacity to stabilize the
posture while moving), perceptual (vertigo
sensation with the deviation of subjective
visual vertical, spatial disorientation) and oc-
ulomotor (spontaneous nystagmus, ocular
tilt reaction) syndrome [9].

Central compensation

The neurologic phenomenon of vestibular
compensation is based on central nervous
system reorganization leading to functional
rehabilitation and recovery. Three main
mechanisms are developed in humans -
adaptation, substitution and habituation.
Adaptation consists of regulation of neu-
ronal activities mainly of the VOR. The VOR
physiologically permits stabilization of the
visual target into the fovea by displacement
of the eye exactly opposite to head move-
ment. Physiologic VOR gain (eye velocity di-
vided by head velocity) is close to 1. After
vestibular loss, the gain is reduced and os-
cillopsia occurs. Then, the adaptation in-
creases the gain of the VOR to help sta-
bilization of vision. Substitution can be
described as a change in the importance
of the proprioceptive and visual inputs im-
plicated in gaze stabilization and equilib-
rium control. Finally, habituation implies
teaching patients to avoid responding to
a perturbation [9,10].

The static deficits, which include postural
and oculomotor syndrome, disappear in
a matter of days. The dynamic deficits com-
bine a reduced gain and abnormal timing of
VOR and vestibulospinal reflexes. They im-
prove over a period of several weeks, and
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their final compensation is more limited [10].
In the case of compensation of the dynamic
component of VOR, the proper function of
the cerebellum is very important [11]. On
top of that, the whole process of central
compensation is specific to a single patient.
There are unalterable factors that can affect
the final outcome, such as patient status
(age, memory, general physical health, cog-
nitive abilities, vision, neurologic or other in-
ternal comorbidities, and presence of psy-
chological and anxiety disorders) and tumor
specification (size and propagation). On
the other hand, there are factors that can
be the target of our intervention (vestibu-
lar rehabilitation, virtual reality [VR], preha-
bituation) [9,12]. The level of compensation
could be evaluated subjectively through
questionnaires (e.g., Dizziness Handicap In-
ventory [DHI], The Penn Acoustic Neuroma
Quality of Life Scale [PANQOL]) or objec-
tively through physical examination (pres-
ence of spontaneous nystagmus, subjective
visual vertical and clinical tests of stability
during stance and gait) and electrophysio-
logical examination (videonystagmogra-
phy [VNG], calorization, video head impulse
test [vHIT], vestibular evoked myogenic po-
tentials [VEMP] and posturography) [12].

Discussion

Vestibular rehabilitation

Vestibular rehabilitation (VRHB) is a broad
concept that helps accelerate the compen-
sation process after an acute vestibular le-
sion and helps to correct the inappropriate
equilibrium strategy in chronic vestibular
disorders with its significance in the risk of
falls and impact on quality of life. Since it is
crucial not to systematize the programme
but rather to keep a holistic approach, this
justifies a careful and exhaustive evaluation
of the patients before starting VRHB. There
have been efforts to find some factors that
can predict the result of compensation with
promising outcomes, notably, the use of
VHIT. It uses low-amplitude high-accelera-
tion head jerks to elicit and test the VOR in
the physiological range of the frequency re-
sponse, exploring all semicircular canals and
not only the horizontal ones as in the caloric
test. The vHIT was shown to be able to reveal
residual vestibular function, even in cases
with complete loss of caloric response. In
patients who underwent radical surgery and
complete vestibular neurectomy, lower gain
in VHIT on the operated side was presented.
The hypothesis is that there is a higher gain

correlated with less extensive surgery and
sparing of the inferior vestibular nerve. Low
gain was correlated with a complete ves-
tibular neurectomy, which may guide a re-
habilitation strategy following surgery [13].
Rehabilitation (originating from a series of
exercises invented by Cawthorne and Cook-
sey in the 1940's [14]) focuses on gaze sta-
bility and gait stability including both static
and dynamic balance exercises. The aim of
the exercises is the intial restoration of VOR
and VSR (it works mainly on improving VOR
gain). Secondly, it practices the correct form
of posture and gait [15].

Prehabituation

Vestibular rehabilitation also completes
the idea of prehabituation. Intratympanic
gentamicin (ITG) was initially developed
by Schuknecht in 1956 in order to treat
Meniere’s disease [16]. Since then, we have
learned that a low dose of ITG is primar-
ily vestibulotoxic, so it can effectively con-
trol vertigo with few signs of cochlear toxic-
ity [17]. Different instillation techniques have
been used (a low dose multiple times daily
or a higher dose once a day for 3-4 consec-
utive days), but the results do not seem to
depend on how gentamicin is administered
in the middle ear, as long as the procedure is
performed under a microscope by a trained
otologist [18,19]. Prehabituation is done at
least 6 weeks preoperatively, so the com-
pensation process is strengthened by vestib-
ular rehabilitation exercises which can lead
to recovery before surgery. Pure tone au-
diometry and vHIT are obtained at baseline
and after gentamicin treatment to ensure
that the loss of function is sufficient [20,21].
There should be a significant VOR gain re-
duction and cumulative-saccadic-amplitude
increase in all ipsilesional canals in VHIT. As
the partial recovery of the vestibular system
after three months post-instillation was ob-
served, the timing of ITG and the surgery
is essential [21].

Nevertheless, there is still a need for fur-
ther research since the reason for relative
sparing of anterior canal function in VS pa-
tients at baseline and after gentamicin ap-
plication remains unclear. This suggests that
the distinct semicircular canal (SCC) vulnera-
bility to both local damages of nerve fibers
due to tumor growth and vestibulotoxic sub-
stances is variable. Firstly, some VS patients
could benefit from ITG prehabituation such
as VS patients with good peripheral vestibu-
lar function who experience sudden vestib-

ular loss of function after surgery. To reduce
the effect of the dissection of the vestibular
nerve, drug-induced ablation of ipsilateral
peripheral vestibular function by using vesti-
bulotoxic substances has been proposed as
a pre-surgical treatment [22-24]. Specifically,
there is a level-3 (evidence from evidence
summaries developed from systematic re-
views) recommendation from the Congress
of Neurological Surgeons on pre-operative
intratympanic gentamicin instillation to in-
duce a controlled partial loss of SCC function
and to improve postoperative mobility [25].
Secondly, patients with very small VSs (in-
trameatal/CPA < 15mm) that are recom-
mended to wait but suffer from intractable
vertigo can benefit from the procedure [26].
In addition, there are studies that emphasize
the positive effect of ITG prehabituation on
patient expectations before the operation,
thereby reducing postoperative anxiety and
depression [27,28].

Virtual reality
Sensory augmentation is a technique cur-
rently being explored to supplement com-
promised sensory information during VRHB
to retrain sensorimotor function [29].
Optokinetic stimulation (OKS), or in other
words an entire field moving visual scene
is generated in an observer during a quiet
stance, and has a sensation of self-motion
which is contradictory with the perception
of stationarity provided by otolithic and so-
matosensory receptors. Peripheral vision,
rather than the central field, appears to be
more sensitive to moving visual patterns
and is responsible for the increased pos-
tural sway. The intact central nervous system
can resolve the sensory mismatch and cor-
rect postural adjustments [28]. Optic flow is
a type of three-dimensional OKS important
for posture and balance perception, hence
for the quality of life and space and motion
awareness [27]. The sensitivity to optic flow
can be decreased in a particular condition,
e.g. in the elderly [30]. The optokinetic ex-
ercise is of particular value to treat visual —
dependence [9,31]. It increases the gain of
VOR [15]. Individuals with vestibular disor-
ders may experience visual vertigo, in which
symptoms are provoked or exacerbated in
visually rich environments (e.g., supermar-
kets, crowds, escalators). Visual vertigo can
significantly improve when customized
VRHB exercise is combined with repeated
exposure to optokinetic stimuli [32]. In 2007,
Cochrane’s review deemed that evidence
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surgery.

Fig. 3. Virtual reality in vestibular rehabilitation in patient after vestibular schwannoma

Obr. 3. Pouziti virtudlni reality pfi vestibularni rehabilitaci u pacienta po operaci vestibu-

larniho schwannomu.

was sufficient to support the addition of sim-
ulator-based activities to VRHB [33]. Given
that motor skills can be learned in a virtual
environment and applied later on in the
real world, virtual settings can provide con-
trolled and augmented feedback on motor
performance; it is not surprising that medi-
cal rehabilitation began to use such settings
heavily as therapeutic tools. It has been
used as an aid in physical rehabilitation after
stroke, in Parkinson’s disease, in psycho-
logical therapies, and in children with au-
tism [34,37]. Also, the National Aeronautics
and Space Administration (NASA) has used
this VR technology since 2005 and has taken
it one step further. They hope to train the
vestibular system to decrease motion sick-
ness, increase function in disorienting en-
vironments, and speed up recovery when
returning to gravity and solid ground [38].
VR is defined as the immersion of the user
in an interactive environment that mimics
reality [39]. There is a relationship between
the duration of the exposure to VR environ-
ments and the magnitude of the therapeu-
tic effects, suggesting that VR should last at
least 150 min of cumulated exposure to en-
sure positive outcomes [40]. VR treats ves-
tibular dysfunction by placing the subject
in a simulated real-world through two dif-
ferent strategies. One utilizes outpatient sys-

tems that use head-mounted display VR de-
vices (Fig. 3), and the second uses full body
immersion inpatient systems [41]. VR can
also be divided into either “passive” or “ac-
tive". Passive rehabilitation requires only eye
or head movements or staying immobile
during the treatment. In contrast, active re-
habilitation requests complete motions of
the body or muscle groups in order to per-
form demanding movements (walking on
a treadmill, doing steps, or yoga). Despite
the fact that there has not been a signifi-
cant observed difference in efficiency be-
tween active and passive protocols, techno-
logical devices allowing active mobilization
of muscular groups can be acquired with lit-
tle cost [40]. As for the head-mounted VR
devices, it has been proved that they im-
prove VOR gain, posturography scores, and
patient self-reported measures when com-
bined with conventional VRHB [42,43]. There
have also been some efforts to use VR tools
for measuring vestibular function, namely
the otolithic system. The otolithic func-
tion enables us to perceive verticality and it
can be assessed by a subjective visual ver-
tical (SVV) [44]. SVV can be implemented
by a special software application into a VR
headset soit can be used at the bedside and
collect different head and body position
measurements [45].

There are also limitations of VR. The major
one s the related cost. However, advances in
the smartphone and gaming industry allow
mass production of highly sophisticated
low-cost VR systems that incorporate tech-
nology previously not accessible to most
therapists and patients. Another considera-
tion limiting the use of VR-based settings is
cybersickness. Due to unnatural and some-
times conflicting multisensory stimuli, expo-
sure to interactive virtual environments can
cause discomfort (such as nausea or light-
headiness) during or after the session. An-
yway, the absence of reported side effects
or adverse events so far supports the notion
that VR is well tolerated and could be safely
used in rehabilitation settings [40].

In contrast to VR, augmented reality (AR)
augments the real-world environment in-
stead of replacing it. Augmented reality eye-
wear has been developed to reduce oscil-
lopsia in patients with bilateral vestibular
loss using real-time image stabilization [46].

New trends

Apart from VR, there are various real-time
biofeedback display modalities that can
improve balance dysfunction. It is worth
mentioning electrotactile real-time bio-
feedback (this is applied to a tongue, and
it is a laboratory tool for VRHB) and mainly
vibrotactile sensory augmentation tech-
nology. This system has the advantage of
discreetly providing vibrotactile cues that
lead to corrective postural responses. There
has already been a cellphone-based vibro-
tactile feedback system developed for po-
tential use in balance rehabilitation training
in clinical and home environments. It com-
prises of a smartphone with an embedded
tri-axial linear accelerometer, custom soft-
ware to estimate body tilt, a “tactor bud” ac-
cessory that plugs into the headphone jack
to provide vibrotactile cues of body tilt, and
a battery [47].

Vestibular implants have also been de-
veloped to restore the lacking vestibular
function. Current results demonstrate that
electrical stimulation with implants is safe
and can activate the vestibular system [48].
But since the vestibular portion of the eighth
cranial nerve is dissected during the opera-
tion, it is suited only for bilateral vestibulopa-
thy of other origin.

Dual-tasking is of particular interest in
VRHB. The idea of competition for attention
resources between a simple postural task
of quietly standing and a cognitive activity
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task leads to improvement of automatic pos-
tural control [9,31]. Also, current literature has
mentioned the effectiveness of tai-chi and
aquatic physioterapy [49,50].

Conclusion

The evidence is growing related to the pos-
itive effects of VRHB and the promising po-
tential of VR in people with peripheral ves-
tibular disorders. In patients with vestibular
schwannoma, postoperative care can be ex-
tended and more precisely suited to each
patient. From the current literature, the main
criterion predicting treatment success and
magnitude of symptom improvement so far
is the total time spent in virtual time training.
However, there are still some problems to fix
in future studies — standardizing intervention
protocols, using specific tools, documenting
side effects, and defining profiles of patients
susceptible to benefitting from VR-based
rehabilitation.
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