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Abstract

Objective To review the literature on intratympanic gentamicin treatment as prehabilitation for patients undergoing surgery
for a unilateral vestibular schwannoma.

Data sources A systematic literature search was conducted up to March 2023 in Pubmed, Embase, Cochrane, Web of Sci-
ence, Academic Search Premier, Google Scholar and Emcare databases.

Review methods Articles on the effect of intratympanic gentamicin followed by vestibular schwannoma surgery were
reviewed. Data on objective vestibular function and subjective outcomes were compiled in tables for analysis. Relevance
and methodological quality were assessed with the methodological index for non-randomized tool.

Results A total of 281 articles were identified. After screening and exclusion of duplicates, 13 studies were reviewed for
eligibility, of which 4 studies could be included in the review. The posturography test, the subjective visual horizontal test,
and the optokinetic nystagmus test showed decreased vestibular function in the group of patients who received intratympanic
gentamicin before microsurgery compared to the group of patients without gentamicin. Other objective tests did not show
significant differences between patient groups. Subjective vestibular outcomes, as evaluated by questionnaires on quality of
life and/or dizziness, did not seem to improve from intratympanic gentamicin pretreatment.

Conclusion Vestibular schwannoma patients who received intratympanic gentamicin before surgical resection of the tumor
performed better in the posturography test, subjective visual horizontal test, and the optokinetic nystagmus test afterwards.
However, studies that also evaluated subjective outcomes such as dizziness, anxiety, depression, and balance self-confidence
did not show a positive effect of intratympanic gentamicin on the vestibular complaints and symptoms.

Keywords Vestibular schwannoma - Intratympanic gentamicin - Prehabilitation - Vestibular function - Objective vestibular
test - Vestibular symptoms

Introduction treatment [1]. In some cases, the vestibular symptoms may

decrease or resolve over time. It is hypothesized that this

A significant number of patients with unilateral vestibu-
lar schwannoma (VS) suffer from imbalance, dizziness,
or vertigo during the natural course of the disease or after
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is the effect of central compensation. However, it has been
reported that a proportion of VS patients suffer from ves-
tibular symptoms in the long term, impacting on their long-
term quality of life [2]. This may be because the vestibular
compensation is insufficient, or because of other factors that
affect dizziness and balance in this patient group. The pre-
operative chemical ablation with intratympanic gentamicin
(ITG) aims to gradually deteriorate the ipsilateral labyrinth
function before surgical removal of the vestibular schwan-
noma, to ameliorate the vestibular symptoms or accelerate
vestibular rehabilitation after surgery [3]. Schuknecht was
the first to publish on the potential effect of aminoglycosides
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(streptomycin) resulting in vestibular chemical ablation in
patients with Meniere’s disease. To preserve the patient’s
hearing, the use of gentamicin is preferred due to its vesti-
bulotoxicity properties [4, 5]. Magnusson et al. coined the
concept of vestibular prehabilitation, i.e., vestibular reha-
bilitation exercises combined with ITG treatment before sur-
gery. It was aimed to trigger the vestibular re-programming
in advance to the surgical ablation [6]. This process leaves
the patient with a gradual deterioration of the labyrinth func-
tion, which may help to handle the acute unilateral vestibular
loss after surgery impacting on the vestibular organ or nerve.

This study aims to systematically review the literature on
the effects of ITG pretreatment on the objective vestibular
function and subjective outcomes of patients undergoing
microsurgery for a unilateral VS.

Methods

This study was exempt from a review board approval
because it involves a systematic review. A literature search
was performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The study protocol was registered in PROSPERO
CRD42022309269.

Search and selection

A search was performed to collect all relevant articles in
Pubmed, Embase, Cochrane, Web of Science and Emcare
from inception until March 2023. The query consisted of the
combination of the following concepts: “unilateral vestibular
schwannoma”, “intratympanic gentamicin”, and “objective
and subjective vestibular tests”. Two independent authors
(CFB and BE) screened titles and abstracts for eligibility.
The inclusion criteria comprised the use of ITG, unilateral
VS patients, and one or more objective vestibular function
tests. If the article also presented subjective vestibular tests,
i.e., dizziness-related or quality-of-life questionnaires, these
data were also analyzed.

The exclusion criteria comprised age < 18 years, animal
studies, and case reports or series involving less than 10
patients. Just studies in English were included (see Fig. 1).

Two independent reviewers (CFB and BE) screened the
full texts of eligible articles. If the full text was not available
and/or study characteristics remained unclear after full-text
screening, those authors were contacted by email.

Data collection and analysis
Data on study design, sample size, age, sex, VS treatment,

mean tumor size, ITG regimen, balance exercises (vestibular
rehabilitation), mean follow-up, objective vestibular tests,

@ Springer

dizziness-related, and quality-of-life questionnaires were
extracted (when available).

The risk of bias was determined using the Methodologi-
cal Index for Non-Randomized Studies (MINORS) [7]. This
tool contains eight items for assessment of non-comparative
studies and four extra questions for comparative studies.
The items are scored 0 if not reported, 1 if reported but not
adequate, and 2 if reported and adequate. The ideal global
score is 16 points (8 items) for the non-comparative studies
and 24 points (12 items) for the comparative studies [7]. A
low risk of bias was defined as a score between 12 and 16
for the non-comparative studies, and between 20 and 24 for
the comparative studies. A high risk of bias was defined as
a score < 12 for non-comparative and <20 for comparative
studies [8].

We looked into methodological and statistical heteroge-
neity. If the data were too heterogeneous for pooling based
on methodology and statistics, we performed a descriptive
review and summarized the available data. Study selection,
data extraction, and quality assessment were performed by
two independent reviewers (CFB and BE). If necessary, disa-
greements were discussed with a third reviewer (EH).

Results
Search and selection

A total of 281 articles were identified, of these 126 were
duplicates. Titles of 155 unique references were screened,
of which 142 records were excluded because of: wrong
population, wrong publication type, inclusion of less than
10 cases, wrong intervention, no full text available or non-
English language. The remaining 13 studies were full text
reviewed for eligibility. We noticed overlapping study popu-
lations in 4 articles from Tjernstrom et al [3, 9-11]. After
contacting the authors, the finding was confirmed and the
authors referred us to their last study from 2019 [9]. Of the
remaining 10 articles, six were excluded (three because of
the wrong study population, one without availability of the
full text, one that only presented pre-surgery data confirming
vestibular dysfunction with the video head impulse test, and
one meeting abstract).

Finally, 4 studies were included in the analysis of the risk
of bias [9, 12-14] (see Fig. 1).

Risk of bias

The results on risk of bias are shown in Table 1.

By means of the MINORS tool, three studies were scored
with a high risk of bias on the inclusion of consecutive
patients and reporting the loss of follow-up [9, 12, 13]. In all
four studies, there was a low risk of bias on the specification
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Fig. 1 Flowchart for the selection of studies on the effects of intratympanic gentamicin (ITG) in the vestibular function of vestibular schwan-

noma patients

of the study aim, appropriate study endpoints, and appropri-
ate follow-up period for all the studies [9, 12—14].

Overall, all included studies were classified as having a
high risk of bias. Based on the great diversity in vestibular
outcome assessments, differences in therapeutic regimen and
follow-up, it was not justifiable to pool the data from these
studies [9, 12-14].

Data collection and analysis

All four included studies used the ITG as part of a prehabili-
tation program [9, 12—14]. Study characteristics of the four
included studies are shown in Table 2.

All the included articles were observational and compara-
tive studies [9, 12—14]. All the articles made a distinction
between the group of patients who received ITG before the
microsurgery, and the group of patients (control group)
who did not get ITG as part of the prehabilitation strategy
before microsurgery. One study mentioned that the ITG was

administered 2 months before surgery [14]. The remaining
studies did not provide information on the time interval
between ITG and surgery [9, 12, 13]. Regarding the vestibu-
lar function in the control groups, Fellmann et al. reported
that the patients in the control group had no residual ves-
tibular function on the ipsilesional side. Balatkova et al. did
not give information on the vestibular function. Hrub4 et al.
reported that the control group had vestibular hypofunction
on the tumor side, and Tjernstrom had two groups that did
not receive ITG, one group with and one group without ves-
tibular function before surgery [9, 12-14].

Three studies were retrospective [9, 12, 14] and one pro-
spective [13]. All of them involved microsurgery treatment
of the VS, either via a translabyrinthine or retrosigmoidal
approach. The total number of participants was 209 (male:
49.3%), and the mean age was 49.2 years (SD 12). The mean
tumor size was 20.2 mm (SD 9.1) in three of the studies [9,
12, 13]. The remaining study used the Koos classification to
grade the tumor size [14]. Patients were included if they had
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Table 1 Risk of bias assessment of the selected studies

Author,
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NA NA NA 10/16 High

NA

2

Fellmann

etal. [12]

Balatkova

High

13/24

2

etal. [14]

Hruba

High

18/24

2

etal. [13]

Tjernstrom 2

High

18/24

et al. [9]

not reported. Total ideal score is 16 for non-comparative studies and 24 for comparative

Grading studies on relevance and validity: 2=reported and adequate; 1 =reported but inadequate; 0

studies

a unilateral VS, received gentamicin injections previous to
microsurgery and had at least one objective vestibular test
after surgery. In addition to ITG, all study protocols involved
vestibular rehabilitation exercises provided by specialized
physiotherapists to enhance their balance [9, 12-14].

Tables 3 and 4 outline the summary of objective ves-
tibular outcomes and dizziness-related and quality of life
questionnaires outcomes, respectively.

Results of objective vestibular tests
Spontaneous nystagmus

One study presented results on the observation of spontane-
ous nystagmus. No significant differences between the ITG
pretreatment and control groups were found, 1 year after
surgery [14].

Optokinetic nystagmus (OKN)

One study reported on OKN with a follow-up of one year
after surgery. The gain of the OKN at baseline was higher
in the ITG group than in the control group. Patients who
underwent gentamicin treatment were more resistant to
OKN stimulation (p =0.065), which can be interpreted as
less sensitive to movement [14].

Posturography test

Two studies reported on posturography tests. Hruba et al.
showed no significant differences when comparing the ITG
group to the control group, after a follow-up of 14 days.
Tjernstrom et al. divided the patients into three groups
according to vestibular function before microsurgery: one
group with no vestibular function at baseline, a second group
with normal vestibular function (fast deafferentation), and
a third group with normal vestibular function that received
ITG before surgery (slow deafferentation). They reported
that during quiet stance, patients with vestibular function
who did not receive ITG prior surgery performed signifi-
cantly worse during posturography with eyes closed com-
pared to the patients with no vestibular function. During
vibratory perturbation test after surgery, patients in the ITG
group and in the “no vestibular function” group had signifi-
cantly better stability than the group of patients with residual
vestibular function before surgery, at 6-month follow-up [9,
13].

Postural stability
Postural stability was evaluated using the Functional Gait

Assessment (FGA) test. Fellmann et al. found no signifi-
cant effect on the postural stability between patients with
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and without ITG pretreatment, 6 weeks and one year after
surgery (p =0.60) [12].

Subjective visual vertical (SVV) test

Contrary to what the name suggests, the subjective visual
vertical test is regarded as an objective vestibular function
test. Two studies reported on SVV test [13, 14]. Both identi-
fied no significant differences between the ITG and control
group, one study after 14 days, and one after 1 year [13, 14].

Subjective visual horizontal (SVH) test

Just one study reported on SVH results, using the rod and
frame test. They showed significantly larger visuospatial
errors post-surgery in the ITG group than in the “no ves-
tibular function” group, which authors state may imply that
gentamicin had damaged the vestibular function, after a
follow-up of 6 months [9].

Caloric test

Two studies evaluated the effect by means of the caloric
test only at baseline. Balatkova et al. reported that already
75-90% of the patients presented canal paresis before ITG
and surgery. They did not report the outcome of calorics
after ITG nor surgery [14]. Hrub4 et al. showed a mean canal
paresis of 26.7 + 15.2 in the ITG group before treatment and
a mean of 28.9+23.1 in the control group. No results after
gentamicin treatment were presented [13].

Dizziness and quality of life

Three studies reported on different tests to assess dizziness-
related quality of life [12—14]. Fellmann et al. found no sig-
nificant difference between the ITG group and patients who
did not receive gentamicin using the Dizziness Handicap
Index (DHI) after a follow-up of one year after surgery [12].
Balatkova et al. reported no significant difference between
ITG and control group with regards to the DHI, the Gener-
alized Anxiety Disorder Assessment (GAD-7) and the Self
Rating Depression Scale (ZUNG) after VS surgery [14].
Hrubaé et al. did not find a significant effect of ITG pretreat-
ment on the activities-specific balance confidence scale
(ABC) score after surgery [13].

Discussion

The deafferentation due to the VS surgery will cause an
inherent acute unilateral vestibular lesion. This vestibular
loss might be reflected in vertigo, difficulties with balance
control or dizziness immediately after surgery. In an attempt

to reduce the patient’s postsurgical vestibular symptoms, the
use of intratympanic gentamicin pretreatment could help to
stepwise diminish the ipsilateral peripheral vestibular func-
tion before microsurgery, and with this allowing for static
vestibular compensation.

The results of this systematic review on the objective ves-
tibular tests showed either a decrease of the vestibular func-
tion or no changes in the group of patients that received ITG
before microsurgery compared with the group of patients
without gentamicin pretreatment. However, studies that
also assessed subjective vestibular outcomes through diz-
ziness and quality-of-life questionnaires did not show less
or less severe vestibular symptoms after surgery with ITG
prehabilitation.

Tjernstrom et al. and Balatkova et al. showed a posi-
tive decrease in the objective vestibular function after gen-
tamicin pretreatment. The patients who received ITG prior
to microsurgery performed better in the posturography test,
SVH test and the OKN test afterwards [9, 14]. Conversely,
Fellmann et al., Hruba et al., and Balatkova et al. did not find
significant differences in objective vestibular tests (caloric
test, spontaneous nystagmus, SVV, and posturography) after
surgery between patients that received ITG pretreatment and
those that did not [12—-14]. The absence of differences in the
caloric test outcomes is explained by the fact that after ITG
treatment, all patients underwent surgery with transection
of the vestibular nerves, resulting in an inherent vestibular
areflexia on the affected side. The similar outcome of the
spontaneous nystagmus test may be explained by the tim-
ing of the measurement during the follow-up period, which
was up to one year [14]. It is well known that spontane-
ous nystagmus will be present in case of an acute vestibular
syndrome but disappears in chronic vestibular dysfunction.

The SVV test did not show significant difference between
ITG and control groups, at short term (14 days) or long term
(1 year). One possible explanation is because the otolith
function was already damaged due to the VS, and the gen-
tamicin did not have a (substantial) additional effect on the
vestibular function.

It is interesting that Tjernstrom et al. and Hruba et al.
report contradictory results of the postoperative posturogra-
phy test. One explanation may be the differences in the gen-
tamicin dosage. Tjernstrom et al. found a positive result of
ITG pretreatment, using a dosage regimen of one—four injec-
tions of 0.5-1.0 ml (30 mg/ml) which translates into a total
dose of 15-120 mg. Hruba et al. failed to identify significant
changes in the posturography results after the use of 3 injec-
tions with a maximum of six doses of 0.3—-0.6 ml (40 mg/
ml) adding up to 3672 mg of gentamicin in total. Another
explanation may be the differences in the posturography test
methodology and the way the results were reported. Tjern-
strom et al. used six sensors to evaluate the posture distur-
bances and compared 3 groups of patients according to their
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vestibular function previous to the treatment. Hruba et al.
just used three sensors and compared 2 groups of patients
(ITG vs. control group) [9, 13].

It has been hypothesized that repeated exposure to a sen-
sory organization test, such as posturography, could allow
for a learning effect, diminishing its reliability. There are
some authors that report findings suggestive of a learn-
ing curve, while others seem to not find such an effect
[17-19]. According to Wrisley et al., a subject has to be
exposed to at least 5 sessions within a period of two weeks,
in order for a learning effect to develop [20]. In the study of
Hrub4 et al., the posturography test was performed 3 times
(before operation, 7 days and 14 days after surgery), and in
the study of Tjernstrom et al., the test was performed 2 times
(before operation and at 6 months after surgery) [9, 13].
Thus, in the studies included in this review, a learning effect
seems unlikely due to the limited number of sessions and the
time intervals between them. When evaluating subjective
vestibular complaints and their psychological components,
none of the questionnaires used (DHI, GAD-7, ZUNG,
and ABC) showed significant differences when comparing
patients after ITG pretreatment with control groups [14].

In the study protocols of all four studies, vestibular
rehabilitation exercises were part of the prehabilitation
treatment before the vestibular schwannoma surgery [9,
12-14]. Vestibular exercises are used to promote the motor
training of the vestibular system and the re-programming
of the central nervous system to optimize the vestibular
function. This allows a slow deafferentation of the ves-
tibular nerve before surgery, which will bring an inherent
vestibular lesion [6]. Based on this premise, one would
expect that these four studies would show similar out-
comes; however, this was not the case. Balatkova et al.
and Tjernstrom et al. showed an effect on the objective
vestibular function (i.e., vestibular function loss) with
the posturography test, SVH test and/or OKN test, in the
group of patients after ITG. While Fellmann et al. and
Balatkova et al. failed to identify significant changes after
ITG compared with control group with the caloric test,
spontaneous nystagmus, and/or SVV test. In the case of
Hruba et al., they did not find significant changes in the
posturography test [9, 12—14]. These contradicting trends
in the outcomes of objective vestibular function tests are
indicative of the complexity of the vestibular system and
underline the need for a standardized way of measuring the
vestibular function in vestibular schwannoma patients. The
video head impulse test (VHIT) may be of added value
when assessing the status of the vestibular ocular reflex
(VOR) and with that the vestibular function of the patient.
This test could be included to evaluate the effects of ITG
in the VOR, and to assess the differences in pre- and post-
treatment vestibular function. In addition, the timing of
both objective and subjective vestibular tests may be of
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critical importance to their outcomes, as the added value
of vestibular rehabilitation may not be most pronounced in
the period immediately after surgery, when there is acute
vestibular loss due to nerve deafferentation, but when a
stable vestibular function loss is reached [15].

While Fellmann et al., Hrub4 et al., and Cada et al.
did not report beneficial outcomes of ITG pretreatment
compared to the control group, none of the included stud-
ies report detrimental effects of ITG either [12, 13, 16].
Even so, one may well argue that the subjective benefits
of a prehabilitation strategy outweigh its effects on objec-
tive test outcomes, and since ITG pretreatment may be
cumbersome for patients and does involve investment of
healthcare resources, it is doubtful whether its use as a
prehabilitation technique is justified in vestibular schwan-
noma patients based on the available evidence at present.
The literature, however, is sparse, and our search only
retrieved 4 articles, which all suffer from a degree of bias.
Future research is needed to evaluate the efficacy of ITG
in VS patients, either as a prehabilitation strategy or as
standalone therapy for dizziness, preferably using more
comparable study designs and a uniform set of outcome
measures, both objective and subjective.

Conclusion

In this systematic review, we find that the posturography
test, SVH and the OKN test report a more pronounced dete-
rioration of the peripheral vestibular function after ITG pre-
treatment in VS patients, when compared to control groups
that did not receive ITG, post-surgery. Theoretically, this
deterioration is the desired effect and may help alleviate
the vestibular symptoms after VS microsurgery. However,
subjective vestibular evaluations do not show better resolu-
tion of vestibular symptoms after VS surgery of patients
pretreated with ITG when compared to controls. However,
to fully elucidate the effect of ITG in VS patients, more
research is needed, preferably using more uniform objective
and subjective outcome measures including the duration of
the follow-up (for example, 3—6 months).
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