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ABSTRACT

Objectives: To review the symptoms, signs, and clinical findings in a
large series of patients diagnosed with unilateral sporadic vestibular schwannoma
(VS) to describe the clinical characteristics of tinnitus in this population. Further,
to ascertain which of the proposed mechanisms of tinnitus generation in VS was
supported. Design: Retrospective case note and database review. Setting:
Tertiary university teaching hospital departments of audiology and neuro-
otology. Participants: Nine hundred forty-one patients with unilateral sporadic
VS, diagnosed during the period 1986 to 2002. Twenty-three additional patients
were excluded due to missing clinical data. Main outcome measures: The
presence or absence of tinnitus, and its rated subjective severity were analyzed
in conjunction with data regarding patient demographics, symptoms, signs, and
diagnostic audiovestibular test findings. Results: No statistical association at the
5% level was found between tinnitus presence/absence and patient age, gender,
2- to 4-kHz audiometric thresholds, ipsilateral auditory brainstem response
abnormality, length of history, tumor side, nor caloric test abnormality. Statisti-
cally significant associations were found between tinnitus presence/absence and
tumor size (p =0.012) and type of hearing loss (progressive, sudden, fluctuant,
nil) with a tendency for patients without hearing loss to be less likely to
experience tinnitus. Statistically significant associations were identified between
classification of tinnitus severity and age at diagnosis (p < 0.001) (greater age
being associated with greater tinnitus severity), abnormal findings on caloric
testing (»p=0.01) (abnormal calorics being associated with greater tinnitus
severity), and tinnitus as a principal presenting symptom (p < 0.001) (this being
associated with greater tinnitus severity). Conclusions: The analysis does not
identify any single one of the proposed mechanisms for tinnitus as being the
obvious culprit. In fact, even in a homogeneous group of patients such as
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this, there is evidence of multiple mechanisms that are not mutually exclusive.

The association between increased tinnitus severity in older patients, patients

with canal pareses on caloric testing, and with tinnitus as a principal presenting

symptom should be borne in mind by the clinician.

KEYWORDS: Vestibular schwannoma, tinnitus, mechanisms

The objective of this study was to determine
the evidence for physiological mechanisms for tin-
nitus in unilateral sporadic vestibular schwannoma
(VS) by analyzing the presence or absence of tinni-
tus in conjunction with symptoms, signs, and tumor
characteristics in a large patient cohort.

It has been reported that 73% of patients with
VS experience tinnitus, and in at least one in ten
patients tinnitus is the principal presenting symp-
tom.! The utility of considering tinnitus in this
patient group is that patients with VS are relatively
homogeneous in pathophysiology, symptoms, and
signs, which is in contrast to the wider population of
individuals with tinnitus, who are very markedly
heterogenous.”

POTENTIAL MECHANISMS OF
TINNITUS GENERATION

Several potential mechanisms of tinnitus generation
in VS have been suggested in the literature:

+ Ephaptic coupling of cochlear nerve fibers by
compression3_5

+ Cochlear dysfunction by ischemia or by biochem-
ical degradation®™®

« Efferent system dysfunction following compres-
sion of the efferent fibers in the inferior vestibular
nerve’

» Cortical reorganization following hearing loss™

These mechanisms by which tinnitus may be
generated in a patient with VS are described in
detail below—however, these are not mutually
exclusive.

Ephaptic Coupling

It has been suggested that as a VS grows and takes
up space within the internal auditory canal, it com-
presses auditory nerve fibers causing them to “cross
talk” by ephaptic coupling.> Sunderland™ noted
that the formation of such “artificial synapses” was
characteristic of “any injury. .. that leads to failure
of the insulating properties of the nerve sheath,
whether it be nerve section, crushing by ligature,
or even moderate compression, introduces...an
artificial synapse created where denuded axons are
in contact.” This phenomenon would mean that the
random firing of one or more nerve fibers would
generate a pattern across many fibers of the auditory
nerve, this being perceived as a tinnitus sound.

Cochlear Dysfunction

The finding that a proportion of patients with VS
have an associated cochlear hearing loss'*™* may
suggest cochlear involvement in tinnitus generation.
Moffat et al*® noted audiological findings that were
indicative of a cochlear or mixed cochlear/retroco-
chlear lesion in 36 of a series of 49 patients with
sporadic unilateral VS (73%). Prasher et al'? reported
absent transient evoked otoacoustic emissions
(TEOAE) in 19 of 26 patients with VS (73%): in
all patients in whom TEOAE was absent, a hearing
loss of 40 dB HL (hearing loss) or greater was
present, and this was assumed to be cochlear in origin.
Telischi et al'® undertook distortion product otoa-
coustic emission (DPOAE) measurements in 44
patients with unilateral VS. On the basis of the
presence or absence of the DPAOE, 26 tumor ears
(59%) were classified as having a cochlear loss: 13
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(30%) classified as retrocochlear (DPOAE recorded
in the presence of a hearing loss >40 dB), and 5
(11%) as mixed. Ferber-Viart and associates'’ at-
tempted TEOAE recordings in 168 ears with VS,
and in 79% were not able to demonstrate good
cochlear function, thus indicating a cochlear dysfunc-
tion in addition to the tumor. Ferguson and asso-
ciates'* were unable to evoke TEOAE in 78 patients
of a series of 100 with unilateral VS. Thus an initially
1'# that
“acoustic tumors usually produce a cochlear hearing

controversial speculation by Bonfils and Uzie

loss” is supported by the subsequent literature.

There has been little specific consideration in
the literature of the pathophysiological mechanisms
of cochlear hearing loss in VS. Schucknecht’ pro-
posed the mechanisms of ischemia causing atrophy
of the cochlea and the vestibular labyrinth by com-
promising blood flow in the internal labyrinthine
artery which runs through the internal auditory
canal (IAC) and/or biochemical degradation of
the cochlea and the vestibular labyrinth. Evidence
for ischemic and biochemical vestibular labyrinth
injury in VS has been reported by Jahnke and
Neuman® who studied specimens taken from nine
patients during translabyrinthine surgery. Exami-
nation with electronmicroscopy demonstrated sig-
nificant degenerative changes that were thought to
be the result of prolonged protein intoxication of
the labyrinth (via increased perilymph protein con-
centrations) and by compression of labyrinthine
blood vessels by the tumor. Similar mechanisms
were suggested for cochlear dysfunction in such
cases. O’Connor and colleagues® had earlier identi-
fied high protein levels in the perilymph of patients
with VS, though not in a patient group with
meningioma in the IAC, and suggested that this
may be a mechanism specific to VS.

Efferent System Dysfunction

An alternative hypothesis considers the presence of
medial and lateral efferent fibers within the inferior
division of the vestibular nerve.” A VS arising from
or impinging upon the inferior vestibular nerve

might be expected to reduce the effectiveness of
efferent influence upon the cochlea, and thus per-
haps cause signals in the afferent peripheral auditory
pathway to be perceived as more intense than would
otherwise be the case. Thus a “tinnitus signal” might
appear more intense as a result of the lesion in the
internal auditory meatus. Maurer et al'’ recorded
TEOAE in 6 of 20 patients with unilateral VS. The
amplitudes of these emissions were significantly
smaller than those in a normal control group. The
application of contralateral white noise (40, 50,
60 dB HL) did not suppress the amplitude of
the TEOAE in the tumor ears, but in the ear
without tumor greater suppression effects were
noted than in the control group. Maurer and co-
workers'® tentatively suggested that the VS had
reduced efferent function on the affected side, and
that some counterintuitive effect was present con-
tralaterally. This study contained the suggestion that
a VS compressing the vestibular divisions of the
VIIIth nerve, specifically the inferior, affects the
efficacy of the efferent function on that side. It
should be noted however that this effect was demon-
strable in only a minority of patients. No mention of
the tinnitus experiences of these patients was made.
Baguley et al®® reviewed the effect upon
tinnitus of vestibular nerve section, which involves
section of the auditory medial efferent fibers which
run in the inferior vestibular nerve. While this
procedure is almost exclusively applied to patients
with Meniere’s disease that has proved refractory to
medical treatment, it does represent an opportunity
to determine if ablation of the medial efferent system
influences tinnitus. Reviewing 18 papers reporting
surgical series involving a total of 1318 patients, the
authors reported that there was no evidence of a
consistent exacerbation of tinnitus following vestib-
ular nerve section, causing them to question the
influence of the efferent system upon tinnitus.

Cortical Reorganization

There is a good evidence of plastic change in
the central auditory system following change in
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peripheral function in both animals®"** and hu-
mans.>>?* Further, there is a hypothesis that a con-
sequence of such change may be overrepresentation
of certain auditory frequencies® and of spontaneous
bursting at boundary areas in the primary auditory

cortex' %% there is a growing body of evidence that

these may be mechanisms of tinnitus.?”*®

Given that a VS is associated with a hearing
loss in the majority of cases, and that this is due to
change in cochlear and/or cochlear nerve function,’
some cortical plastic change should be expected as a
consequence. In this event any associated tinnitus
should be similar in generation to tinnitus in general
that is associated with hearing loss. It would also
follow that if the peripheral status were to change
further, such as with destructive (translabyrinthine)
surgery, then the tinnitus would change as a con-
sequence.

The Present Study

The objective of the present study was to review the
symptoms, signs, and clinical findings in a large
series of patients diagnosed with unilateral sporadic
VS to ascertain which of the proposed mechanisms
of tinnitus in VS was supported.

METHODS

This study entailed a retrospective case note re-
view of patients seen at Addenbrooke’s Hospital,
Cambridge, over the period 1986 to 2002, with a
diagnosis of unilateral sporadic VS. Broadly speak-
ing, in the period 1986 to 1992 that diagnosis was
made with computed tomography scans, patients
having first been screened using auditory brainstem
responses (ABR). In the early 1990s, magnetic res-
onance imaging became available for clinical use and
was utilized as the investigation of choice in cases of a
suspected VS. The initial ABR screen was then set
aside due to suboptimal sensitivity and specificity.*’

Data regarding symptoms, signs, and diag-
nostic test results were recorded in case notes

and in a computer database at the time of diag-
nosis by either a consultant neuro-otologist
(DAM, PRA), consultant scientist (DB), or a
neuro-otological clinical fellow. The following
data were elicited from patient case notes and
appropriate databases:

« Patient age at operation, gender

+ Length of history (months)

+ Tumor side

e Tumor size (maximum diameter on definitive
radiology, coded ordinally)

« Date of operation

+ Principal symptom

* Presence of

= Hearing loss (progressive, sudden, fluctuant)
o Imbalance

 Tinnitus
= Presence or absence
= Severity (see below)

¢ Audiometric thresholds (performed by British
Society of Audiology standard techniques**~")

+ Canal paresis on caloric test results (performed
by British Society of Audiology standard techni-
ques,32 >25% paresis abnormal)

» ABR results (standard techniques,33 abnormal > 1
SD from normative data, or poor morphology)

o Ipsilateral to tumor
o Contralateral to tumor

The tinnitus severity data elicited from case
notes had been recorded according to the Klockoff
and Lindblom®* classification with a slight modifi-
cation.® Data are described in Table 1.

Data were collated in a Filemaker Pro data-
base running on an Apple Macintosh G4 computer
(system 10.1), and statistical analysis was under-
taken with SPSS.

RESULTS

Retrospective case review identified 941 individuals
identified with VS in whom the majority of relevant
data was available: 23 further cases were excluded on
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Table 1 Klockhoff and Lindblom>* Classification of Tinnitus Severity

Nil No tinnitus
Mild (Klockoff Grade I)
Moderate (Klockoff Grade )

Tinnitus is audible only in quiet environments
Tinnitus is audible only in ordinary acoustic environments, but masked by loud

environmental sounds; it can disturb going to sleep, but not sleep in general

Severe (Klockoff Grade Ill)

Tinnitus is audible in all acoustic environments, disturbs going to sleep, can disturb

sleep in general, and is a dominating problem that affects quality of life

the basis of missing tinnitus data, so that the total
series had numbered 963. Of the cases included
in the analysis, 487 (52%) were male and 454 (48%)
female. The mean age was 54.3 years (SD
13.3 years). Tinnitus was present in 717 individuals
(76%) and absent in 224 (24%). Data regarding
tumor side were available for analysis in 821 cases.
The VS was on the right in 405 cases (49.6%) and
the left in 412 (50.4%). Tumor size distribution is
detailed in Table 2.

The presenting symptom (data available in
n=939) was progressive hearing loss in 575 (61%),
sudden hearing loss in 77 (8%), tinnitus in 114
(12%), imbalance in 95 (11%), and other in 78 (8%).
Caloric function in the tumor ear was reported as
normal in 116 cases (16%), reduced (> 25%) in 215
(30%), and absent in 375 (54%) (total n=706).
Patients had self-reported their hearing loss as
progressive (800, 85.5%), sudden (91, 10%), nil
(41, 4%) or fluctuating (3, 0.5%) (data available in
n=935). Ipsilateral ABR results were found for 476
patients: of these 70 (15%) were normal and 406
(85%) abnormal. Contralateral ABR results were
found for 470 patients: of these 405 (87%) were
normal and 65 (13%) abnormal.

Table 2 Tumor Sizes in the Study Group*

Tumor Size

(maximum diameter in cm) Number of Patients

<15 169 (20%)
1.6-2.4 279 (34%)
256-3.4 186 (23%)
3.5-4.4 118 (15%)
>4.4 63 (8%)

*Data available in n=815.

Analysis indicated no significant difference
(p>0.05) between the tinnitus and nontinnitus
groups on the following variables:

« Age (n=941, p=0.141, rtest)

* Gender (2 =941, p=0.319, chi-square)

« Ipsilateral (to tumor) audiometric threshold at
4 kHz (n="745, p=0.517, t-test)

+ Mean ipsilateral (to tumor) audiometric thresh-
old at 2 kHz and 4 kHz (n=574, p=0.847,
#-test)

« Ipsilateral (to tumor) ABR abnormality (n =476,
p=0.125, chi-square)

 Length of history (n=710, mean 40.6, SD
46.7 months, p=0.604. Mann-Whitney U test)

* Tumor side (n =821, p=0.453, chi-square)

+ Caloric test abnormality (»=706, p=0.138,

chi-square)

A statistically significant association was iden-
tified between tumor size (maximum diameter on
radiology, ordinal data) (»=2815, p=0.012, chi-
square) and the presence of tinnitus. This was not
linear, so that a simple relationship cannot be ascer-
tained (Table 3). An association between tumor size
2.5 to 4.4 cm and decreased prevalence was noted.

A further association was found between type
of hearing loss (progressive, sudden, fluctuant, or
nil) and presence of tinnitus (z=935, p=0.006,
chi-square) (Table 4). This again is complex and
potentially multifactorial, with a tendency for
patients without hearing loss to be less likely
to experience tinnitus. Detailed analysis did not
indicate an increased prevalence of tinnitus in pa-
tients who had undergone a sudden hearing loss
(n=91, p=0.920, Fisher’s exact test).
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Table 3 Tumor Size and Tinnitus Presence

Tumor Size (maximum

diameter in cm) Number Tinnitus Present Tinnitus Absent
<1.5cm 169 138 (81.7%) 31 (18.3%)
1.5-2.4 cm 279 222 (79.6%) 57 (20.4%)
2.5-3.4 cm 186 135 (72.6%) 51 (27.4%)
3.5-4.4 cm 118 70.3%) 35 (29.7%)
>4.5cm 63 77.8%) 14 (22.2%)

Analysis of the relationship between con-
tralateral (to tumor) ABR findings and the presence
of tinnitus identified a statistically significant asso-
ciation (p=0.047, chi-square) such that patients
with abnormal ABR in the contralateral ear were
more likely to experience tinnitus.

Tinnitus severity data, coded as none, mild,
moderate, or severe by the modified Klockoft and
Lindblom®* criteria, were available on 885 patients.
In 383 (43%), there was no tinnitus, in 273 (31%)
tinnitus was mild, in 19 (2%) it was moderate, and
in 210 (24%) it was severe. Analysis was undertaken
to identify possible associations with tinnitus se-
verity. No significant associations were identified
with the following:

* Mean 2 kHz and 4 kHz audiometric thresholds
(n=569, p=0.080, rtest)

« Type of symptomatic hearing loss (nil, progres-
sive, sudden, fluctuant) (2=881, p=0.111,
chi-square)

« Ipsilateral ABR findings (normal vs. abnormal)
(n=576, p=0.378, chi-square)

Table 4 Type of Hearing Loss and Presence of
Tinnitus

Type of Number Tinnitus Tinnitus

Hearing Loss  (total =935) Present Absent

Progressive 800 611 (76.4%) 189 (23.6%)
SNHL

Sudden SNHL 91 76 (83.5%) 15 (16.5%)

Nil 41 22 (53.7%) 19 (46.3%)

Fluctuant 3 0 (0%) 3 (100%)

SNHL, sensorineural hearing loss.

+ Contralateral ABR findings (normal vs abnormal)
(n=480, p=0.627, chi-square) or
+ Tumor side (=791, p=0.459, chi-square).

A significant association between tinnitus
severity was identified with age at diagnosis
(n=885, p<0.001, #test), greater severity being
recorded with greater age. Abnormal findings on
caloric testing were associated with greater tinnitus
severity (n =706, p=0.01, chi-square). Those pa-
tients who reported tinnitus as their principal
symptom (7= 114) reported more severe tinnitus
than those who did not (z=778) (p <0.001, chi-

square).

DISCUSSION

These results should be considered in the context of
the potential models of tinnitus generation that
have been listed above. The hypothesis that tinnitus
generation is associated with cochlear hearing loss
was not directly tested in a manner which deter-
mined the cochlear component of a hearing loss, as
OAE data were not available for these patients.
No association between high frequency hearing
thresholds (4 kHz alone and 2 to 4 kHz mean)
and tinnitus presence or absence was identified,
however.

A potential role for ephaptic coupling in the
cochlear nerve as a tinnitus mechanism®> was
addressed by this analysis, in that this situation
might reasonably be associated with ABR abnor-
mality, nerve compression being a mechanism for
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ABR latency prolongation in this condition. No
association between ipsilateral ABR results and
tinnitus presence or severity was identified, how-
ever, and so a potential role for this mechanism
remains unproven.

There was, however, a statistical association
between the presence of tinnitus and contralateral
ABR abnormality, such that an individual was more
likely to report tinnitus if contralateral ABR were
abnormal. The mechanism of contralateral ABR
abnormality in patients with VS is thought to be

brainstem compression,'>3¢-37

and this may poten-
tially have a role in tinnitus generation, though it is
at odds with the association between tumor size 2.5
to 44 cm and decreased likelihood of tinnitus.
These issues have not previously been reported.
The potential role of efferent system dysfunc-
tion was indirectly investigated with the use of
caloric results. Caloric stimulation of the horizontal
semicircular canal is innervated by the superior
vestibular nerve, and hence in a VS patient with
normal caloric function the tumor effects may be
confined to the inferior vestibular nerve with no or
minimal impact upon superior vestibular nerve
function. One might thus consider the presence of
medial and lateral efferent fibers within the inferior
division of the vestibular nerve.” A VS arising from
or impinging upon the inferior vestibular nerve
might be expected to reduce the effectiveness of
efferent influence upon the cochlea, and thus per-
haps cause signals in the afferent peripheral auditory
pathway to be perceived as more intense than would
otherwise be the case. A hypothesis can be derived
from this in that tinnitus, if influenced by auditory
efferent dysfunction, might be more prevalent in
patients with normal caloric function. This associ-
ation was not demonstrated, though the finding was
made that there is an association between increased
tinnitus severity and caloric test abnormality. The
inference is that efferent dysfunction may not di-
rectly cause tinnitus, but may play a role in exacer-
bation, though this is at odds with other work
indicating that efferent dysfunction following sec-
tion of the auditory efferents in the human vestib-

ular nerve does not lead to troublesome tinnitus.?’

The final mechanism considered is that of
cortical reorganization following change in the
status of the auditory periphery, which in the case
of sudden change (hearing loss) can lead to border
areas that are spontaneously active.'® No association
between sudden hearing loss and tinnitus presence
or severity was identified, however.

There is an apparent disparity between two
aspects of the recording of tinnitus status. It was
found that in the 941 patients in whom data were
available, tinnitus was present in 717 patients (76%)
and absent in 224 (24%). However, in the 885
patients in whom severity coding was available,
the tinnitus severity data (Table 1) indicated no
tinnitus in 383 (43%), mild tinnitus in 273 (31%),
moderate in 19 (2%), and in 210 (24%) severe. Thus
there is disparity between the numbers of patients
without tinnitus. One interpretation is that in some
clinicians’ mind the severity classification “none”
(Table 1) meant no handicap rather than no tinni-
tus. Tinnitus intensity and handicap have recently
been demonstrated to be independent®® and this
appears to be a shortcoming of the Klockhoff and
Lindblom™ classification.

The association between tinnitus severity and
patient age has not been previously reported in
patients with VS and is also of interest. The
mechanisms that underlie this may be complex.
Patients may have greater age-related hearing loss,
and more likelihood of tinnitus coincidental to their
VS, when of greater age, and it is possible that there
is an additive or synergistic effect regarding tinnitus
between this and the VS. Other factors involved
may include the reduced neural plasticity in the
auditory system reported with age®” and reports that
elderly patients in general find tinnitus to be harder
to bear.*>*!

The finding that patients who have tinnitus
as their principal presenting symptom have tinnitus
that is more severe than other patients with VS is
congruent with the view that it is this distressingly
severe tinnitus that led them to seek medical atten-
tion. This indicates to the clinician that these
patients warrant careful explanation of their tinnitus
and appropriate tinnitus therapy as they wait for
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surgery or radiosurgery or are enrolled in a “watch,
wait, rescan” program.

There are other important clinical implica-
tions of this study. The first is that the clinician
should be aware of the association identified be-
tween increased age, tinnitus as the presenting
symptom, and tumor size, with tinnitus presence
and severity. These findings should be borne in
mind when seeing patients with this condition and
when deciding whom to refer for tinnitus therapy.

An important caveat about this study should
be considered. While every effort was made to obtain
a comprehensive dataset, the retrospective nature of
this study meant that a proportion of data was
unavailable due to missing case notes and missing
data within case notes. This is a potential source of
bias and should be borne in mind when considering
the findings. The number of patients studied is large,
however, for this rare condition, so any bias deriving
from missing data may be small.

From the present study it seems that even
when a relatively homogeneous patient population
with tinnitus is considered, such as those diagnosed
with a VS, there appear to be multiple mechanisms
that underlie the tinnitus perception. This complex
phenomenon remains an important focus for future
research.
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