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Abstract

Objective: To evaluate the audiological aspects of vestibular
schwannoma (VS) patients with normal hearing. Study De-
sign: Retrospective study. Setting: Quaternary referral center
for skull base pathologies. Patients: The records on 4,000 pa-
tients who had been diagnosed with VS between 1986 and
December 2017 were retrospectively reviewed. The patients
included in the study were the ones who complied with the
strict audiological normality criteria, as follows: a pure tone
hearing threshold (at the 6-octave-spaced frequencies from
250 to 8,000 Hz) <25 dBHL; a word recognition score >90%;
and interaural differences <10 dB at each frequency. Inter-
ventions: Auditory brainstem response (ABR) testing and ra-
diological imaging. Main Outcome Measures: The incidence
of normal objective hearing among VS patients, and the di-
agnostic utility of the ABR and the effect of tumor size and
site on the response. Results: The incidence of normal hear-
ing among VS patients was 4.2%. Tinnitus and vertigo were
the most common symptoms across tumor grades; 5.6% of
the tumors were large and giant tumors. The ABR yielded a

sensitivity of 73.6%, with a false negative rate of 26.3% using
a cutoff point of 0.2 msforinteraural latency differences. Con-
clusions: The diagnosis of VS should not be based on audio-
metric thresholds alone. Alarming signs of VS should be clear
to the physician in order not to miss or delay the diagnosis of
the disease. The ABR is useful in the diagnosis of VS, but nor-
mal results do not exclude the occurrence of the disease in

patients with normal hearing. ©2019 5. Karger AG, Basel

Introduction

Vestibular schwannoma (VS) represents 80% of all
cerebellopontine angle masses and 6% of all intracranial
tumors [Sanna et al., 2011]. Hearing loss is the index
symptom in 95% of patients presenting with VS [John-
son, 1977]. Nevertheless, a subset of VS patients presents
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with normal hearing (NH), and they have previously been
assessed in several studies [Johnson, 1977; Beck et al.,
1986; Musiek et al., 1986b; Roland et al., 1987; Ogawa et
al., 1991; Selesnick and Jackler, 1993; Shaan et al., 1993;
Morrison and Sterkers, 1996; Saleh et al., 1996; Kanzaki
etal.,, 1997; Magdziarz et al., 2000; Day et al., 2008; Pinna
et al., 2012], with the incidence ranging from 1.5 to 12%.
Schuknecht [1964] suggested that up to 75% of auditory
nerve fibers can be damaged with a negligible effect on the
pure tone average (PTA). On the other hand, some au-
thors stated that functional abnormalities in electrical re-
sponses appear before the structural defect appears [Josey
etal., 1988]. Hence, in 1977, auditory brainstem response
(ABR) testing became a fundamental tool to screen pa-
tients for VS [Selters and Brackmann, 1977]. The ABR
sensitivity for detecting large tumors is 95.6%, while it is
85.8% for small tumors [Koors et al., 2013]. Since mag-
netic resonance imaging (MRI) has 100% sensitivity for
detecting VS [Vandervelde and Connor, 2009], some au-
thors [Cueva, 2004; Rafique et al., 2016] argue that MRI
should supersede the ABR as the initial screening test for
VS, but other authors [Grayeli et al., 2009] have disagreed.
Hence, the role of the ABR in investigating a potential
retrocochlear pathology remains controversial.

The aim of the present work was to study the preva-
lence of NH among patients with VS and the characteris-
tics of the ABR in such patients. Ours being a quaternary
referral center for the treatment of VS, with one of the
largest published series in the literature, we attempted to
study the diagnostic benefit from further testing by ABR
prior to MRI in the presence of any other symptoms of
VS, harboring a high index of suspicion for the disease.
We also studied the relation between ABR abnormality
and the extent of involvement of the 8th nerve or brain-
stem by the tumor along with the effect of tumor size or
site. Saleh et al. [1996] had previously studied NH in VS
patients at our center. We have expanded the series, tak-
ing into consideration the exponential increase in pa-
tients since then, as well as a commentary [Qiu and Mor-
gan, 1997] on that work.

Patients and Methods

The database used belongs to Gruppo Otologico, a quaternary
center for the treatment of skull base tumors in Piacenza/Rome,
Italy. The records on 4,000 patients who had been diagnosed with
VS between 1986 and 2017 were retrospectively reviewed. Patients
with neurofibromatosis type 2 and other cerebellopontine angle
tumors were not included, as they are different entities [Kanzaki
etal., 2003].
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On each patient, the following information was gathered: (1)
demographic data - sex and age at time of diagnosis; (2) presenting
symptoms and associated signs; (3) audiological examination data,
which included (a) the pure tone hearing threshold at the 6-octave-
spaced frequencies from 250 to 8,000 Hz and (b) the ABR; and (4)
details on the available imaging technique (CT or MRI) - the
showing side, site, and size of the lesion.

NH was defined as (1) a PTA <25 dBHL [WHO, 1991], (2)
thresholds at each frequency <25 dBHL [WHO, 1991], (3) a word
recognition score (WRS) >90%, and (4) interaural differences
<10 dB at each frequency (on the basis of 5-dB variation in au-
diometrics and 10-dB test-retest reliability).

Different evoked systems were used during the past 30 years,
but with the same parameters for ipsilateral stimuli. The ABR was
recorded with a 2-channel system with the standard electrode
montage. Clicks were presented at 80 dBnHL via TDH-39 head-
phones with a rate of 21.1/s, an alternating polarity, 2,000 sweeps,
an epoch of 12 ms, a digital high-pass filter at 100 Hz, a low-pass
filter at 3 kHz, and a gain of 100K.

The following criteria were defined for a normal ABR at
80 dBnHL: (1) bilateral well-defined waveforms (waves I through
V clearly discernible), even if waves IV and V could appear as a
single complex; (2) replicated ABR waveforms; (3) assessment of
recorded interaural latency differences (ILDs) between waves I, I11,
and V and intervals I-IIL, ITII-V, and I-V; and (4) consideration of
any ILD <0.2 ms as normal. The contralateral ear was taken as a
reference for normative data on which an intrasubject comparison
of absolute and interwave latencies was done. Any deviations from
the abovementioned normality criteria were considered as abnor-
mal ABRs.

In patients with available MRI data, VS tumor size was mea-
sured as the maximum diameter of the extracanalicular portion of
the tumor in any one plane on MRI and was assessed by investiga-
tors who were blinded to the ABR data. In addition, occupation of
the fundus of the internal auditory canal by the tumor was record-
ed (fundus status). Tumor size was classified according to the Con-
sensus Meeting for Reporting Results in Vestibular Schwannoma
held in Tokyo in 2003 [Kanzaki et al., 2003]: grade 0 = intrameatal;
grade 1 = small (1-10 mm), extrameatal; grade 2 = medium (11-
20 mm); grade 3 = moderately large (21-30 mm); grade 4 = large
(31-40 mm); and grade 5 = giant (>40 mm).

Facial nerve damage was documented and recorded according
to the House-Brackmann grading [House and Brackmann, 1985].

Statistical Analysis of the Data

Microsoft Office Excel 2007 and was used for data manage-
ment. The data were entered into the computer and analyzed using
the IBM SPSS software package version 20.0.

Results

A total of 4,000 patients with VS were treated at our
center; however, records on 232 of them were unavail-
able. Of the 3,768 remaining patients, 162 had NH
(4.2%).

Data on presenting symptoms were available for 136
of the 162 patients (Tables 1, 2). ABR data were available
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Table 1. Distribution of the studied cases according to symptoms
(n=136)

Symptoms Total Only symptom
n % n %

Tinnitus 74 54.4 15 11.0
Hearing loss 41 30.1 5 3.6
Sudden hearing loss 18 13.2 7 5.1
Fullness 18 13.2 1

Vertigo 48 353 10 7.3
Instability 31 22.8 6 4.4
Dizziness 6 44 0

Dropping attacks 5 3.7 1

Facial nerve 4 2.9 1

Headache 5 3.7 1
Paresthesia of the face (TN) 10 7.4 2
Incidental diagnosis 5 3.7 3

Impaired comprehension 2 1.5 1

Data on presenting symptoms were available for 136 of the 162
patients. TN, trigeminal neuralgia.

for 133 of the 162 patients (Tables 3, 4; Fig. 1). Data on
both symptoms and the ABR together were available for
114 of the 162 patients (Fig. 2).

Table 2 describes the relation between tumor grade
and symptoms. The most frequent tumor grade was grade
0 (intrameatal) (in 64/162 patients; 39.5%), followed by
grade 1 (in 48/162 patients; 29.6%). Notably, 5.6% of the
tumors were large (3.7% [in 6/162 patients] were large
[grade 4] and 1.9% [in 3/162 patients] were giant [grade
5] tumors), with the patients presenting with normal ob-
jective hearing. Tinnitus and vertigo were the most com-
mon symptoms across tumor grades.

Auditory Brainstem Response
ABR sensitivity was 73.6% (98/133 cases), with a false
negative rate of 26.3% (35/133 cases) using a cutoff of

0.2 ms for ILDs. The ABRs were categorized from the

least to the most distorted, as described in Table 3.

Our findings are as follows:

1. As presented in Figure 1, there was a statistically sig-
nificant relation (p < 0.001) between tumor grade and
ABR, i.e., as the tumor grade increased, abnormalities
in the ABR increased as well

2. There was no statistically significant relation between
internal auditory canal fundus status and ABR results
(p = 0.384)

3. No relation was observed between patient age and
ABR results (p = 0.696)

Vestibular Schwannoma Patients with
Normal Hearing

4. No significant association between ABR results and
presenting symptoms was noted; however, there was a
near-significant incidence of normal ABR in cases pre-
senting with dropping attacks (*p = 0.055) (Fig. 2)

5. No statistically significant difference was found upon
comparing the original normative data for ABR in-
dices and the contralateral ear indices (p = 0.313)
(Table 4)

Cervical vestibular-evoked myogenic potential data
were available for 7 patients, but they were not beneficial.

Discussion

In contrast to clinical estimates of VS incidence (0.7-
1/100,000/year) [Berrettini et al., 1996], cadaveric studies
have suggested a much higher incidence of 2.4% [Lin et
al., 2005]. This discrepancy may be related to the two facts
that 70% of VSs are nongrowing [Stangerup and Caye-
Thomasen, 2012] and that up to 15% of patients with VSs
have NH, which makes the diagnosis of VS more arduous.
Consequently, asymptomatic or minimally symptomatic
patients might be missed.

Incidence

Though Magdziarz et al. [2000] applied strict criteria
for audiological normality, the PTA was their main pa-
rameter for a normal audiogram, not taking into consid-
eration the remaining frequencies. In addition, they did
not exclude patients with poor WRSs alone. Saleh et al.
[1996] reported using two different criteria for NH, one
including all frequencies <25 dB and the other excluding
8,000 kHz, and the incidence of NH among VS patients
was 8.6 and 16%, respectively; however, they also includ-
ed abnormal WRSs. These variable criteria for NH led to
awide range of incidence rates (1.5-12%) [Johnson, 1977;
Beck et al., 1986; Musiek et al., 1986b; Roland et al., 1987;
Ogawa et al., 1991; Selesnick and Jackler, 1993; Shaan et
al., 1993; Morrison and Sterkers, 1996; Saleh et al., 1996;
Kanzaki et al., 1997; Magdziarz et al., 2000; Day et al.,
2008; Pinna et al., 2012]. A probable explanation is that
most patients report no hearing impairment when their
PTA levels (used by most authors) are <25 dBHL [Beck
et al., 1986].

To the best of our knowledge, the present study is the
first to use strict audiometric parameters (including <25
dBHL in all frequencies) [WHO, 1991; Selesnick and
Jackler, 1992] while exclusively examining a large num-
ber of VS patients (4,000 patients). The reason we adopt-
ed these criteria was that even if a patient is not complain-
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Table 2. Relation between tumor size and symptoms (n = 136)

Symptoms Tumor size X R

grade O (intrameatal)  grade 1 (small 1-10 grade 2 (medium grade 3 (moderately ~ grade 4 (large grade 5 (giant

(n=55) mm, extrameatal) 11-20 mm) large 21-30 mm) 31-40 mm) >40 mm)

(n=39) (n=25) (n=9) (n=>5) (n=23)

n % n % n % n % n % n %
Tinnitus 26 47.3 24 61.5 14 56.0 6 66.7 2 40.0 2 66.7 3217  0.692
Hearing loss 18 32.7 11 28.2 8 32.0 1 11.1 2 40.0 1 33.3 2.346  0.837
Sudden hearing loss 7 12.7 7 17.9 4 16.0 0 0.0 0 0.0 0 0.0 2.216  0.802
Fullness 3 5.5 7 17.9 5 20.0 3 333 0 0.0 0 0.0 8.391  0.093
Vertigo 19 345 15 38.5 8 32.0 3 33.3 3 60.0 0 0.0 2944  0.738
Instability 14 255 8 20.5 3 12.0 3 33.3 2 40.0 1 33.3 4380 0478
Dizziness 3 5.5 1 2.6 1 4.0 0 0.0 0 0.0 1 33.3 5.016  0.365
Dropping attacks 4 7.3 0 0.0 1 4.0 0 0.0 0 0.0 0 0.0 4117 0497
Facial nerve 0 0.0 2 5.1 2 8.0 0 0.0 0 0.0 0 0.0 5942  0.279
Headache 1 1.8 0 0.0 3 12.0 0 0.0 0 0.0 1 333 10.341*  0.030*
Paresthesia of the face (TN) 2 3.6 1 2.6 2 8.0 2 222 2 40.0 1 333 13.417*  0.009*
Incidental diagnosis 0 0.0 1 2.6 2 8.0 0 0.0 2 40.0 0 0.0 12.695*  0.009*
Impaired comprehension 1 1.8 0 0.0 0 0.0 1 11.1 0 0.0 0 0.0 6.940  0.268

Data on presenting symptoms were available for 136 of the 162 patients. x2, p: x> and p values for x? test.

significant at p < 0.05.

MCh: Monte Carlo p values for x° test. TN, trigeminal neuralgia. * Statistically

Table 3. Distribution of the studied cases according to ABRs (n =
133)

ABRs n %

Normal 35 26.3

Abnormal 98 73.6
Distorted/absent waves (no delay) 2 1.5
Delayed ILD 22 16.5
Delayed and distorted waves 26 19.5
Extremely delayed ILD V or ILD I-V 21 ms 20 15.0
Absent ABR (maybe wave V) 28 21.0

ABR data were available for 133 of the 162 patients. ABR,
auditory brainstem response; ILD, interaural latency difference.

Table 4. Comparison between two methods of ABR assessment
(n=133)

ABRs Contralateral ~ Fixed X P
ear indices indices
n % n %
Normal 35 26.3 28 21.1
Abnormal 98 73.7 105 78.9 1019 0.313

ABR data were available for 133 of the 162 patients. X%, p: x*and
p values for x? test. ABR, auditory brainstem response.
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ing of hearing loss, the presence of any threshold at any
frequency >25 dB or any interaural asymmetry should
raise the suspicion of the examiner. In addition, high-fre-
quency thresholds are important clinical indicators that
should not be missed, because VS often causes high-fre-
quency sensorineural hearing loss [Selesnick and Jackler,
1992]. Consequently, the PTA should not be the only
measure defining NH.

The incidence of NH among our patients with VS was
4.2%. This did not include either cases of abnormal WRS
or sudden hearing loss (SHL). We agree with the litera-
ture that a high WRS does not exclude VS [Roland et al.,
1987; Magdziarz et al., 2000], since 100% of our cases had
excellent WRSs >90%. However, a low WRS should raise
the suspicion of retrocochlear pathology. Patients with
SHL with their hearing completely recovered after treat-
ment were excluded owing to their previous history of
hearing loss and to the fact that 10-15% of VSs induce
SHL [Pensak et al., 1985; Berg et al., 1986].

Demography

We report a 2.3:1 female-to-male ratio, which is simi-
lar to the ratio (3:1) reported in the literature [Swensson
et al., 2008; Pinna et al., 2012]. In accordance with the lit-
erature, the present study showed a slight preponderance
of the left side (51.9%) [Swensson et al., 2008; Pinna et al.,
2012].
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VS has been diagnosed in patients of all ages, but it is
more frequent above the age of 50 years [Swensson et al.,
2008]. For the subset of NH patients, the mean age is 10
years lower (40 years) [Ogawa et al., 1991; Morrison and
Sterkers, 1996; Magdziarz et al., 2000], which is similar to
the 40.27 years in the present study. Most of our patients
(64.7%) were aged between 30 and 50 years. The youngest
patient in our study was 10 years old, whereas the young-
est reported case was a 7-year-old child [Krause and Mc-
Cabe, 1971]. An explanation for the younger age of those
patients could lie in the fact that symptoms such as tin-
nitus, subjective hearing loss, or vertigo might be more
distressing to young patients and that, therefore, they

Vestibular Schwannoma Patients with
Normal Hearing

seek medical care earlier. Moreover, neural plasticity is
greater in young patients [Ogawa et al., 1991], and their
nerves are more tolerant to compression and stretching.

Symptomatology

In our study and others [Roland et al., 1987; Selesnick
et al., 1993; Magdziarz et al., 2000], VS patients with NH
had high variability in symptoms. VS could easily have
been overlooked in these patients if clinicians were un-
aware of the less common presenting symptoms.

In multiple studies, tinnitus was the most frequent
symptom, as in ours (54.4%), presenting alone or with
other symptoms [Roland et al., 1987; Ogawa et al., 1991;

Audiol Neurotol
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Saleh et al., 1996]. Subjective hearing loss was the second
most frequent symptom (43.3%), similar to what was re-
ported by Roland et al. [1987] and less than what was re-
ported by Ogawa et al. [1991] (who found an incidence of
70%). Hearing loss presented without any previous or
current change in audiometric test measures. Two pa-
tients (1.5%) experienced impaired comprehension,
which could be related to a subjective sense of hearing
loss.

Vertigo was the third most frequent symptom (35.3%).
The frequency of vertigo in our study was higher than in
the general population of VS patients [Roland and Glass-
cock, 1991; Swensson et al., 2008], since most of our pa-
tients who complained of vertigo had tumors in early
stages (grades 0 and 1), when no adequate central com-
pensation [de Vries et al., 1985] has happened yet. One
patient had a history of benign paroxysmal positional ver-
tigo. Consequently, if a patient with benign paroxysmal
positional vertigo is resistant to repositioning maneuvers,
a retrocochlear pathology should be suspected. Five pa-
tients suffered from dropping attacks (3.7%), more fre-
quently occurring among patients with grade 0 tumors
(4/5 patients).

Generally, a sense of instability and imbalance is sec-
ondary to tumor growth and probably a result of cerebel-
lar compression in VS patients [Roland and Glasscock,
1991]. In disagreement with this, but in accordance with
the results of Kentala and Pyykko [2001], we found no as-
sociation between these symptoms and tumor size. Mean-
while, our results demonstrated a trend relating aural full-
ness to moderately large tumors of grade 3 (p = 0.09).
Among our patients, 13.2% complained of aural fullness,
while in the study by Roland et al. [1987], it was 25%.

The facial nerve was affected in 4 of our patients (2.9%)
of slightly younger age (mean age 30 years). This percent-
age was lower than in the literature (10-18%) [Edwards
and Paterson, 1951; Selesnick et al., 1993; Stucken et al.,
2012] because of the smaller tumor size in the subset of
patients in this study. Owing to the small number of pa-
tients, we did not draw any conclusions regarding a rela-
tion between facial nerve affection and tumor size. Facial
nerve affection occurred in the form of hemifacial spasm
in 1 patient (a 10-year-old child), as well as a grade 2 and
grade 3 House-Brackmann classification [House and
Brackmann, 1985] in 2 patients; 1 patient had a history of
facial paralysis that had recovered 1 year before the diag-
nosis. Trigeminal nerve affection was observed in 10 pa-
tients (7.4%) in the form of trigeminal neuralgia, pares-
thesia, dysesthesia, or corneal hypoesthesia. Saleh et al.
[1996] reported a 25% rate of affection of the 5th cranial
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nerve among their cases. In agreement with the literature
[Selesnick et al., 1993; Stucken et al., 2012], our results
show a statistically significant relation between 5th nerve
dysfunction and great tumor size, especially of grades 4
and 5 (p = 0.009).

Headache has been linked to tumor size in VS patients,
since it is considered a symptom of increased intracra-
nial pressure [Selesnick et al., 1993; Stucken et al., 2012],
along with optic nerve papilledema, which was seen in 2
of our patients with grade 3 and 4 tumors. In our study,
headache was encountered in 5 cases (3.7%) and was sta-
tistically significantly associated with grade 5 tumors (p =
0.03). The prevalence of incidental diagnoses ranged
from 0.02 to 0.2% on brain MRI [Lin et al., 2005; Morris
et al., 2009]. In our study, incidental diagnosis occurred
in 5 patients (3.7%). The appearance of a specific symp-
tom was not related to patients’ age, except for aural full-
ness, which was more often observed at a mean age of 44
years.

Auditory Brainstem Response

The ABR is a sensitive test for detecting alterations in-
duced by tumors; its sensitivity for any size is 93.4% ac-
cording to the meta-analysis by Koors et al. [2013]. Pres-
sure of the tumor against the auditory nerve does not
cause conduction block but desynchronization of the fir-
ings of its fibers [Selters and Brackmann, 1977; Eggermont
et al., 1980], which appears as abnormal ABR findings.

An abnormal ABR was identified according to the pre-
viously mentioned criteria in the Patients and Methods
section. We chose the ear contralateral to the tumor as a
reference for normative data for the following reasons:
Hall [2015] stated that “ABR latency values for equivalent
right- and left-ear stimulation are typically rather sym-
metrical”; therefore, abnormalities due to hearing loss
were not expected to be found in the contralateral ear in
NH patients. In addition, using the patient as her or his
own control in the analysis of ILDs eliminates the possi-
ble influence of certain subject factors such as age, gender,
and body temperature [Hall, 2015].

Generally, when the ABR is used for screening, maxi-
mum sensitivity (i.e., a low number of false negatives) is
essential [Guyot et al., 1992] to decrease the need for MRI.
Therefore, we defined the normal limit for interaural ear
differences as <0.2 ms to obtain the lowest frequency of
false-negative results based on the findings of Kanzaki et
al. [1991]. Though improving sensitivity comes at the ex-
pense of losing some of the specificity (i.e., a high number
of false positives) [Guyot et al., 1992], false positives were
unlikely to occur among our patients with NH.
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In our study, ABR testing yielded a sensitivity of 73.6%
(98/133) with a false negative rate of 26.3% (35/133) using
a cutoft of >0.2 ms for ILDs. Increasing the cutoff to >0.4
ms, the sensitivity decreased to 61.6% with a false negative
rate of 38.3%. Our results agree with other studies in
which sensitivity was found to be lower when the inter-
aural difference was >0.4 ms [Wilson et al., 1992; Dorn-
hoffer et al., 1994]. Some studies have reported the ABR
to be highly sensitive for screening for VS [Musiek et al.,
1986b; Ogawa et al., 1991], whereas others did not [Saleh
et al., 1996; Magdziarz et al., 2000]. The drawback of the
previous studies is their limited sample size.

In a large prospective study by Cueva [2004] on pa-
tients with asymmetric hearing loss, owing to the low
sensitivity of the ABR (71%) in his results, the author ad-
vised against using the ABR for VS screening and was in
favor of using MRI only, but under certain conditions.
Though our ABR sensitivity (73.6%) was similar to that
found by Cueva [2004], by applying his protocol to our
162 NH patients, neither the ABR nor MRI would have
been assessed, and they would have been missed. To our
knowledge, the present study was the first to examine a
large number of NH patients. We deducted that in NH
patients, an abnormal ABR strongly indicates the pres-
ence of VS, though having a normal ABR does not ex-
clude VS.

It is worth mentioning that a higher sensitivity was ob-
tained when we evaluated the ipsilateral ABR with differ-
ent normative data for ABR indices. ABR sensitivity in-
creased to 78.9% (105/133), with a false negative rate of
21.1% (28/133). Evaluating ABR indices against fixed val-
ues resulted in diagnosing 7 more patients when com-
pared to using intrasubject comparison; however, the dif-
ference between the two methods did not reach statistical
significance (Table 4). It is obvious that the occurrence of
false negatives is inevitable, but the key is choosing crite-
ria that yield the lowest number of false negatives.

For most authors [Musiek et al., 1986a; Josey et al.,
1988; Kanzaki et al., 1991; Dornhoffer et al., 1994; Godey
et al., 1998; Schmidt et al., 2001; Shih et al., 2009] and in
our study, the most sensitive criteria for identifying VS
were ILD V and ILD I-V, since they yielded the lowest
false-negative values. However, if they were unobtain-
able, we relied on other ABR parameters for diagnosis.
The fact that wave V was the most persistent wave in our
study even in the absence of other waves might be ex-
plained by two factors: first, it arises from the inferior col-
liculus, which is located away from the tumor; second, the
remaining undamaged fibers of the cochlear nucleus may
be adequately intact to propagate impulses to the brain-

Vestibular Schwannoma Patients with
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stem, resulting in a present — but usually delayed — wave
V [Musiek et al., 1986a].

Our study is in accordance with studies [Kanzaki et al.,
1991; Chandrasekhar et al., 1995; Kanzaki et al., 1997;
Magdziarz et al., 2000; Grayeli et al., 2009] that proved
affection of ABR sensitivity by tumor size. A statistically
significant relation (p < 0.001) was detected: as the tumor
grade increases, abnormality of the ABR increases. In the
literature, a low diagnostic sensitivity (between 58 and
82%) of the ABR for small lesions (e.g., <1 cm) was re-
ported [Godey et al., 1998; Schmidt et al., 2001; Grayeli et
al., 2009]. In the present study, the sensitivity for small
tumors (grades 0 and 1) was 64.5% (62/96 patients), while
for tumors of medium to giant size (grades 2-5), the sen-
sitivity was 97.2% (36/37 patients). Hence, we can relate
our relatively low overall ABR sensitivity to the fact that
69.1% of our patients had small tumors (grades 0 and 1).

Since an established relationship was found between
tumor size and ipsilateral ABR, the contralateral ABR
should be evaluated as well. According to Shih et al.
[2009], VS should be suspected when the contralateral
wave I or wave V is abnormal, and an abnormal contra-
lateral interpeak III-V latency and wave V suggests that
the tumor size may be >2 cm. In agreement with these
results, we observed that giant tumors altered the contra-
lateral ABR. All 3 cases with a tumor size of grade 5 in our
study had an absent or extremely delayed ipsilateral ABR,
while 2 of them had an altered contralateral ABR. Still,
this was not the case for tumors of grades 3 and 4, as none
of the patients had an abnormal contralateral ABR. We
calculated the delay in contralateral ABR using these ABR
indices: increased I-III interval >2.5 ms, III-V interval
>2.1 ms, or [-V interval of 4.4 ms. One may wonder why
we used interaural comparison of latencies using the ABR
of the contralateral ear as a reference even though it can
be affected by the tumor. Our justification is that among
all of our cases, the contralateral ABR was only affected
with giant tumors, and only if the ipsilateral ABR was ex-
tremely distorted or completely absent; therefore, there
was no need to use a reference in these cases.

No significant association between ABR results and
symptoms was noted. There was a near-significant inci-
dence of normal ABRs in cases presenting with dropping
attacks (p = 0.05). Facial nerve and trigeminal nerve af-
fection, headache, and tinnitus were more often observed
with abnormal ABRs. In our study, age had no influence
on the ABR results, in contrast to the study by Grayeli et
al. [2009], where false-negative ABRs occurred in their
senior patients. In accordance with other studies [Musiek
et al,, 1986b; Dornhoffer et al., 1994; Day et al., 2008], we
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did not find any significant differences in ABR findings
in relation to occupation of the fundus by the tumor (tu-
mor site).

Magnetic Resonance Imaging

In a huge Danish study [Rafique et al., 2016], MRI
screening was reported to be more cost-effective than
ABR testing. On the other hand, considering the discrep-
ancy between VS incidence rates obtained from cadav-
eric, clinical, and radiological studies, a very large number
of MRI scans performed for diagnosing VS will be ex-
pected to be negative. According to a recent estimation,
only 1.09-5.23% (specificity) of all MRI scans performed
for assessment of asymmetric hearing loss lead to a VS
diagnosis [Cheng and Wareing, 2012; Waterval et al,,
2018]. Consequently, in the case of NH, the specificity
percentage will be much lower. The high costs of MRI - a
major limiting factor in any screening protocol, along
with its unavailability — are peculiarly relevant in develop-
ing countries where health insurance programs and med-
ical resources are restricted. In contrast, ABR testing is
less expensive, less time-consuming, and more accessible.
The ABR also has a role in patients for whom MRI is con-
traindicated because of ferromagnetic implants, obesity,
or claustrophobia [Cheng and Wareing, 2012]. ABR test-
ing is also important for deciding on approaches to hear-
ing preservation [Stucken et al., 2012]. These factors sup-
port the use of the ABR as an initial screening test for VS.

Modified MRI (fast spin-echo MRI) techniques are
more cost-effective than ABR testing. However, they are
not as widely available and may yield occasional false-
negative results according to Daniels et al. [1998].

The latest EAONO statement on VS concluded that
the authors did not find any prospective studies on indi-
cations for performing MRI in the case of asymmetric
hearing loss. Therefore, in the case of NH, ABR testing
will definitely be a helpful tool [Waterval et al., 2018].

We advise that ABR testing be included in the routine
test battery on the patients’ first visit even if the patients
have NH, as long as they present with symptoms, since
with bilaterally symmetrical NH, it is unlikely that abnor-
malities in the ABR are produced without the presence of
a tumor or a retrocochlear pathology.

We found that ABR results were one of the major rea-
sons for MRI referral. However, in cases of NH and normal
ABR findings there still are other reasons for MRI referral,
such as neurological complaints (facial palsy and trigemi-
nal neuralgia), which will help reduce the false negative
rate. Other patients with vague symptoms (fullness or diz-
ziness) and normal PTA and ABR results should be fol-
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lowed up with PTA and ABR testing. These patients are
highly unlikely to have a VS - and, if so, most likely have
only a very small one. On the other hand, the rest of the
patients (the true-positive 73%) normally would be missed
or referred to other departments — for example, patients
with bilateral tinnitus. Consequently (considering the in-
cidence of VS), it is expected to be cost-effective to start
with ABR testing before making a decision about MRI.

Limitations

As an inherent effect in retrospective analyses, our
study is limited by the accuracy and completeness of the
medical records of the patients. We could not include
prospective control cases saving the cost and the hazard
of exposing normal individuals to MRI to confirm the
absence of VS. In addition, the records of retrospective
control cases were deficient.

Conclusions

Diagnosis of VS might be hindered if the physician
considers a normal audiogram as an exclusion criterion
for a retrocochlear pathology. A wide range of symptoms
including unilateral tinnitus, subjective hearing loss, and
others highlighted in this work should warrant further
workup, as should any aberration in concomitant test
batteries such as the WRS. The diagnosis of a large subset
of NH patients may have been missed without the use of
ABR testing. A low ILD cutoff of 0.2 ms is preferred when
it is the aim to diagnose VS in NH patients. However, the
presence of false-negative ABR findings may delay the di-
agnosis of VS. Therefore, the interpretation of ABRs must
be adapted to the index of suspicion: if it is high and the
ABR is normal, then the ABR should be considered in-
conclusive and MRI should be demanded, as ABR testing
may miss smaller tumors; if it is low and the ABR is nor-
mal, irrespective of the audiogram, the physician should
either proceed to MRI or conduct a close follow-up.
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