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Abbreviations

ABR: Auditory brainstem response

ASNHL: Asymmetric sensorineural hearing loss
CPA: Cerebellopontine angle

CT: Computed tomography

IAC: Internal auditory canal

MRI: Magnetic resonance imaging

NPV: Negative predictive value

PPV: Positive predictive value

SSNHL: Sudden sensorineural hearing loss

VS: Vestibular schwannoma

ABSTRACT

Question 1

What is the expected diagnostic yield for vestibular schwannomas when using an MRI to
evaluate patients with previously published definitions of asymmetric sensorineural hearing loss?
Target population

These recommendations apply to adults with asymmetric sensorineural hearing loss on
audiometric testing.

Recommendation
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Level 3: On the basis of an audiogram, it is recommended that MRI screening on patients with >
10 dB of interaural difference at 2 or more contiguous frequencies or > 15 dB at one frequency
be pursued to minimize the incidence of undiagnosed vestibular schwannomas. However,
selectively screening patients with > 15 dB of interaural difference at 3000 Hz alone may
minimize the incidence of MRIs performed that do not diagnose a vestibular schwannoma.
Question 2

What is the expected diagnostic yield for vestibular schwannomas when using an MRI to
evaluate patients with asymmetric tinnitus, as defined as either purely unilateral tinnitus or
bilateral tinnitus with subjective asymmetry?

Target population

These recommendations apply to adults with subjective complaints of asymmetric tinnitus.
Recommendation

Level 3: It is recommended that MRI be used to evaluate patients with asymmetric tinnitus.
However, this practice is low yield in terms of vestibular schwannoma diagnosis (< 1%).
Question 3

What is the expected diagnostic yield for vestibular schwannomas when using an MRI to
evaluate patients with a sudden sensorineural hearing loss?

Target population

These recommendations apply to adults with a verified sudden sensorineural hearing loss on an
audiogram.

Recommendation

Level 3: It is recommended that MRI be used to evaluate patients with a sudden sensorineural
hearing. However, this practice is low yield in terms of vestibular schwannoma diagnosis (<

3%).

INTRODUCTION

Rationale

Despite considerable evolution in the methods of VS management over the past century, the
optimal screening strategy for patients suspected of having a tumor remains unclear. The
sensitivity of contrast-enhanced high-resolution MRI to detect retrocochlear pathology and the

wide availability of this modality in the present day have led to it becoming the standard for VS
3
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identification.' However, knowing when MRI is indicated can be challenging in the absence of
clear neurologic deficits. Additionally, rising health care costs have inspired analysis of resource
utilization in a variety of different settings where screening tests are traditionally employed.”™
Undoubtedly, indiscriminate screening for VSs would have unfavorable financial ramifications
given the rarity of these tumors; however, a widely accepted, symptom-based screen to identify

patients “at risk” for VS diagnosis continues to be elusive.

Because of the proximity of VS tumors to the essential neural elements of auditory, vestibular,
and facial nerve function, initial efforts to create an effective screening protocol have been
facilitated by a seemingly predictable symptom profile. Regardless of exact site of origin for
most VS tumors,™® progressive tumor growth in the internal auditory canal (IAC) and
cerebellopontine angle (CPA) would be expected to cause dysfunction in the surrounding
structures. Specifically, function of the vestibular and cochlear nerves would be expected to
decline in an objective fashion, leading to measurable sensorineural hearing loss and
vestibulopathy. Therefore, most tumor screening algorithms have focused on vestibulocochlear
function, knowing that a sporadic, unilateral VS should be suspected in the setting of asymmetric
dysfunction. However, it has become clear that functional loss associated with VS growth is not

always predictable.’

Objectives

This task force aimed to analyze the predictive value of different audiologic symptoms and
findings as they relate to VS diagnosis. Significant variability exists in the literature with regard
to screening protocols, particularly with respect to the degree of hearing loss necessary to
consider pure tone thresholds sufficiently asymmetric.® Optimally, a set of otologic and
audiologic characteristics should be clarified to help identify patients with VSs based on
presenting symptoms. The ideal protocol would minimize the probability of either a missed
tumor diagnosis (false negative screen) or an unremarkable scan (false positive screen). To

achieve these objectives, the following questions were addressed:

1. What is the expected diagnostic yield for VSs when using MRI to evaluate patients with
previously published definitions of ASNHL?
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2. What is the expected diagnostic yield for VSs when using MRI to evaluate patients with
asymmetric tinnitus, as defined as either purely unilateral tinnitus or bilateral tinnitus
with subjective asymmetry?

3. What is the expected diagnostic yield for VSs when using MRI to evaluate patients with a
SSNHL?

METHODS

Writing Group and Question Establishment

The Joint Tumor Section of the American Association of Neurological Surgeons (AANS) and

the Congress of Neurological Surgeons (CNS) identified VS management as a topic worthy of
guideline development. Members of the Tumor Section and other neurosurgeons and members of
other specialties commonly involved in the management of VSs were identified to form the
Vestibular Schwannoma Evidence-Based Practice Guideline Task Force (ie, the “task force™).
The writers were then divided up into topic sections and developed pertinent questions for those
topics. These were circulated among the entire task force, modified, and agreed upon. With these
questions in hand, the literature searches, such as the one described below, were executed.
Additional details regarding the literature search and review methodology can be found in the

Introduction and Methodology Chapter (https://www.cns.org/guidelines/guidelines-management-

patients-vestibular-schwannoma/chapter_1). This guideline was then developed using multiple

iterations of written review conducted by the authors, then by members of the task force, and

finally by AANS/CNS Joint Guideline Committee (JGC).

Search Strategies

The authors collaborated with a medical librarian to search for articles published between
January 1, 1990 and December 31, 2014. Three electronic databases were searched (PubMed,
EMBASE, and Web of Science). Strategies for searching electronic databases were constructed
by the evidence-based clinical practice guideline taskforce members and the medical librarian

using previously published search strategies to identify relevant studies (Figure 1 and Table 1).

Study Selection and Eligibility Criteria
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Eight hundred and six citations were manually reviewed by the task force with specific inclusion

and exclusion criteria as outlined below. Two independent reviewers reviewed and abstracted

full-text data for each article, and the 2 sets of data from each reviewer were compared for

agreement by a third party. Inconsistencies were re-reviewed and disagreements were resolved

by consensus. Citations that considered the audiologic symptom profile of patients with VSs

were considered. To be included in this guideline, an article had to be a report with key study

parameters including:

Investigated patients suspected of having VS

Human subjects

Was not an in vitro study

Was not a biomechanical study

Was not performed on cadavers

Published between January 1, 1990 and December 31, 2014
Published in a peer-reviewed journal

Was not a meeting abstract, editorial, letter, or commentary
Was published in English

Quantitatively presented results

Additional inclusion criteria:

Investigated patients diagnosed with a VS either radiographically (ie, a contrast-
enhanced MRI or a heavily weighted T2 sequence (ie, FIESTA sequences) was used
for diagnosis of the tumor) or histopathologically (ie, VS was identified on surgical
pathology, regardless of the imaging findings)

Involved a distinct analysis of VS patients in reviews that included various
pathologies of the IAC and CPA

Verified pure tone thresholds and word recognition with formal audiometry

Included at least 30 patients

The authors supplemented searches of electronic databases with manual screening of the

bibliographies of all retrieved publications. The authors also searched the bibliographies of

recent systematic reviews and other review articles for potentially relevant citations. All articles

6
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identified were subject to the study selection criteria listed above. As noted above, the guideline
committee also examined lists of included and excluded studies for errors and omissions. The
authors went to great lengths to obtain a complete set of relevant articles to ensure that the
guideline is not based on a biased subset of articles. The authors did not include systematic
reviews, guidelines, or meta-analyses conducted by others. These documents were developed
using different inclusion criteria than those specified in our guideline. Therefore, they may have
included studies that do not meet our inclusion criteria. The authors recalled these documents if
their abstract suggested that they might address one of our recommendations, and searched their

bibliographies for additional studies.

Data Collection Process
Evidence tables for the 3 questions outlined above were constructed using key study parameters
as previously described. During the development process, the panel participated in a series of

conference calls and meetings.

Classification System and Recommendation Formulation

The concept of linking evidence to recommendations has been further formalized by the
American Medical Association (AMA) and many specialty societies, including the American
Association of Neurological Surgeons (AANS), the Congress of Neurological Surgeons (CNS),
and the American Academy of Neurology (AAN). This formalization involves the designation of
specific relationships between the strength of evidence and the strength of recommendations to
avoid ambiguity. In the paradigm for diagnostic work, evidence is classified into that which is
derived from >1 well-designed clinical studies of a diverse population using a “gold standard”
reference test in a blinded evaluation appropriate for the diagnostic applications and enabling the
assessment of sensitivity, specificity, positive predictive values (PPVs) and negative predictive
values (NPVs), and, where applicable, likelihood ratios or class I evidence. Class I evidence is
used to support recommendations of the strongest type, defined as level 1 recommendations,
indicating a high degree of clinical certainty. Class II evidence is that which is provided by >1
well-designed clinical studies of a restricted population using a “gold standard” reference test in
a blinded evaluation appropriate for the diagnostic applications and enabling the assessment of

sensitivity, specificity, PPVs and NPVs, and, where applicable, likelihood ratios. Class II
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evidence is used to support recommendations defined as level 2, reflecting a moderate degree of
clinical certainty. Class III evidence is that which is provided by expert opinion or studies that do
not meet the criteria for the delineation of sensitivity, specificity, PPVs and NPVs, and, where
applicable, likelihood ratios. Class III is used to support level 3 recommendations, reflecting
unclear clinical certainty. A basis for these guidelines can be viewed online

(https://www.cns.org/guidelines/guideline-procedures-policies/guideline-development-

methodology).

RESULTS

Question 1

What is the expected diagnostic yield for VSs when using MRI to evaluate patients
with previously published definitions of ASNHL?

Target population

These recommendations apply to adults with ASNHL on audiometric testing.
Recommendation

Level 3: On the basis of an audiogram, it is recommended that MRI screening on
patients with > 10 dB of interaural difference at 2 or more contiguous frequencies or >
15 dB at one frequency be pursued to minimize the incidence of undiagnosed vestibular
schwannomas. However, selectively screening patients with > 15 dB of interaural
difference at 3000 Hz alone may minimize the incidence of MRIs performed that do not

diagnose a vestibular schwannoma.

STUDY SELECTION
A total of 806 studies were screened and assessed for eligibility per the previous criteria, and 17

publications were included in the final review.””>*

Pure tone audiometry was the basis of the
recommendations in this section, and audiometric definitions of interaural asymmetry were
evaluated. In order to be included as a part of this recommendation, a study had to provide a
cohort of patients who were screened with MRI having met specific audiometric criteria. In
addition, the criteria for screening had to be clearly described for pure tone thresholds, and an

analysis had to have been performed regarding the sensitivity and specificity of the criteria. In
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cases where an authoring center published multiple papers that met these criteria, only the study
with the largest number of subject patients was used to avoid duplicate reporting of patient data,
if the patient recruitment dates overlapped. Using all of these criteria, a final total of 2 studies

10,11

were included for analysis. > Data extraction included study design, level of evidence, number

of patients, criteria for audiologic screening, and results of the screening method.

RESULTS OF INDIVIDUAL STUDIES

1011 Both studies

There were 2 studies that met inclusion criteria for this recommendation.
represent class III data, primarily because of the lack of a blinded assessment and the absence of
a validation set. In general, both studies compared audiometric data from their respective cohorts

to previously published audiometric screening criteria, as listed below:

1) Interaural asymmetry of >20 dB at 2 contiguous frequencies.

2) Average (1-8 kHz) interaural asymmetry of >15 dB.

3) Average (1-8 kHz) interaural asymmetry of >5 dB.

4) Interaural asymmetry >15 dB at 2 contiguous frequencies (0.25-8 kHz) if the pure tone
average (0.5—4 kHz) in the better ear is <30 dB. If the pure tone average in the better ear
is >30 dB, asymmetry >20 dB at 2 contiguous frequencies is used.

5) Males: average (1-8 kHz) interaural asymmetry of >20 dB; females: asymmetry at 4 kHz
>20 dB

6) Average interaural asymmetry >15 dB (0.25-8 kHz)

7) Interaural asymmetry >15 dB at any frequency (0.5—4 kHz), or interaural asymmetry of
word recognition score of >20%, or unilateral tinnitus.

8) Interaural asymmetry >15 dB at 3 kHz (3000 Hz)

9) Interaural asymmetry of >20 dB at any single frequency between 0.4 and 4 kHz

10) Average (0.5-3 kHz) interaural asymmetry >15 dB

11) Average (0.5-8 kHz) interaural asymmetry of >15 dB

12) Interaural asymmetry of >10 dB at 2 or more contiguous frequencies, or >15 dB at any
single frequency

13) Interaural asymmetry of >15 dB at 2 or more contiguous frequencies, or >15% difference

in discrimination
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The key results of individual studies are outlined in the evidence table (Table 2) and are
summarized within the guideline recommendations. Moreover, supplemental statistical data can

be found in Table 3.

In 2010, Gimsing'' performed a retrospective review of VS patients that presented to a single
center in Denmark between 1973 and 2008. The intent of this work was to provide an
audiometric analysis of tumor patients and nontumor patients with objective, asymmetric
hearing. Two groups were formed after contrast-enhanced MRI screening: patients that were
ultimately diagnosed with a VS, and patients without a VS but with a symptom profile suspicious
for a tumor. Two hundred and three tumor patients were identified while 225 patients were in the
nontumor comparison group. Only 199 of 203 tumor patients had an audiogram available for
review. Of note, it was reported that 24 of the tumor patients were diagnosed as an “incidental
finding”—in other words, the tumor was not suspected on the basis of the symptom profile. The
findings of this study suggested that the highest sensitivity for tumor diagnosis among all
patients with a VS was 93%, which was achieved with either of the following 2 criteria:

1) Interaural asymmetry >15 dB at any frequency (0.5—4 kHz), or interaural asymmetry

of word recognition score of >20%, or unilateral tinnitus.

2) Interaural asymmetry of >20 dB asymmetry at 2 contiguous frequencies.

On the basis of the criteria analyzed in this study, the highest specificity for tumor diagnosis
among all patients with a VS was 52%, which was found with the following criteria:
1) Males: average interaural asymmetry >19 dB (1-8 kHz); females: interaural

asymmetry at 4 kHz >19 dB

In conclusion, the author reports that the best screening criteria, representing the best
combination of sensitivity and specificity, would be either:
1) Interaural asymmetry >20 dB asymmetry at 2 contiguous frequencies or unilateral
tinnitus

2) Interaural asymmetry >15 dB at any 2 frequencies between 2 and 8 kHz

10
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In both 2009 and 2011, Saliba et al”'® described a single center’s experience with audiometric
criteria for VS screening between the years of 2003 to 2007 and 2003 to 2008, respectively. As
per the aforementioned criteria, the entire first study (2009) was excluded from this
recommendation to avoid duplicate reporting of the same patient population. In the 2011 work,
the authors performed a retrospective chart review of patients who underwent a screening MRI
when a symptom profile was suggestive of a VS. In total, 212 patients were analyzed, 84 of
whom were found to have a tumor. Based on the following criteria analyzed in this study, the
highest sensitivity and NPV for tumor diagnosis amongst all patients with a VS was

approximately 93% and 80%, respectively:

1) Interaural asymmetry >10 dB at 2 or more contiguous frequencies or >15 dB at any

single frequency

The highest sensitivity for tumor diagnosis amongst all patients with a VS was 76% in this study,
which was found with the following criterion:

1) Interaural asymmetry >15 dB at 3000 Hz

The highest PPV for tumor diagnosis among all patients with a VS was 86% in this study, which
was found with the following criterion:

1) Interaural asymmetry >15 dB at 3000 Hz

The highest positive likelihood ratio for tumor diagnosis among all patients with a VS was 2.91
in this study, which was found with the following criterion:

1) Interaural asymmetry >15 dB at 3000 Hz.

In conclusion, the authors report that the “rule of 3000 (interaural asymmetry >15 dB at 3000

Hz) offers the most cost-effective audiometric screening criterion for VS diagnosis.

These 2 studies examine the utility of different audiologic screening methods for VSs by
analyzing cohorts of patients with proven interaural asymmetry. Tumor diagnosis was made with

contrast-enhanced MRI. The most sensitive criteria are those with the most permissive

11
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definitions of asymmetry, notably interaural asymmetry >10 dB at 2 or more contiguous
frequencies or >15 dB at any single frequency. However, the most specific screening method

with the highest PPV was an interaural asymmetry of >15 dB at 3 000 Hz.

RISKS OF BIAS AND STUDY LIMITATIONS

When analyzing retrospective reviews of screening paradigms from different tertiary care
centers, selection bias has to be considered. In general, it is possible that some VS patients were
not effectively captured with screening, and not all patients who met criteria were able or willing
to complete an MRI. Therefore, data analysis may not truly reflect all VS cases. In addition,
spectrum bias has to be considered for any study conducted through a tertiary referral
otology/audiology specialty. If an authoring center offers expertise in the management of hearing
loss, it is likely that their patient population is not necessarily representative of the general
population. Specifically, there may be a disproportionate number of patients with hearing
complaints relative to the general population. Moreover, patients with asymmetric hearing loss in
a given population may not always be referred from a primary care clinic to a tertiary care clinic,
or it may be possible that certain patients in a given population are referred to another tertiary

care center.

SYNTHESIS OF RESULTS

Evidence suggests that for the diagnosis of a VS, the most sensitive, current audiometric
definition of ASNHL is >10 dB at 2 or more contiguous frequencies or >15 dB at any single
frequency. However, the criterion with the highest PPV defines asymmetry as >15 dB interaural

asymmetry at 3000 Hz.

DISCUSSION

The ideal audiometric screening protocol for VSs continues to be an area of interest, particularly
in an era when high-resolution MRI is increasingly available, and resource utilization is
becoming increasingly scrutinized. ASNHL is generally believed to be the most common
symptom reported by patients with a VS.”!! Because MRI has become the gold standard method
of diagnosis,' logic would dictate that any patient with an ASNHL would be screened with an
MRI when identified. However, a cost-conscious medical practice would encourage a

compromise between the most sensitive and specific screening criteria. On one hand, the most
12



345  effective method of screening would involve the broadest definition of asymmetric hearing loss
346  in order to mitigate the risk of a “missed” tumor. To this end, screening any patient with an

347  interaural asymmetry >10 dB at 2 or more contiguous frequencies or >15 dB at any single

348  frequency would allow a physician to have a evidence-based algorithm that is the least likely to
349  result in undiagnosed tumors. On the other hand, the most efficient screening method would
350  result in the smallest number of negative scans. Using the “rule of 3000 as an audiometric

351  screening protocol would be an evidence-based strategy that would ensure the highest predictive
352 value for MRI. To reconcile these differences, physicians searching for an appropriate screening
353  protocol for their respective practices would first need to clearly define their screening

354  philosophy in light of available resources: is it more important to have fewer false negative

355  screens or fewer false positive screens?

356

357  Although most tumor patients present with an ASNHL, it cannot be ignored that most cases of
358  ASNHL are unlikely to be ultimately attributed to a VS. Focusing on the incidence of false-
359  positive screens in a given population with sensorineural hearing loss, the difficulty inherent in
360 the establishment of a standardized audiometric screening protocol for VSs becomes readily
361  apparent. Primarily, although VSs are generally felt to represent the most common neoplasm of
362  the CPA, there are other identifiable pathologies that could conceivably cause an ASNHL. For
363  example, CPA meningiomas, vascular anatomic variants, and ischemic events have all been
364 identified as potential sensorineural hearing loss etiologies.® Moreover, even when considering
365  all radiographically apparent causes of hearing loss, many reports suggest that the diagnostic

25-31 . .
In this scenario,

366  evaluation for most cases of ASNHL will not reveal a causative pathology.
367 it might be reasonable to consider that the most reliable screening algorithm for VSs may

368 incorporate other audiometric findings or even other elements of a patient’s subjective and

369  objective evaluation. The significance of SSNHL and asymmetric tinnitus, in particular, will be
370  addressed elsewhere in this paper. A history of noise-induced hearing loss (NIHL) deserves
371  special mention, particularly considering the possibility that the number of patients with this
372 particular complaint may be increasing over time.’> The propensity toward asymmetry in NIHL
373  has been previously described, although the pathophysiologic basis of this finding is unclear.”**
374  When considering the high rate of false-positive screens in the 2 studies reviewed for this portion
375  of the recommendation, one question would be whether or not a reported history of noise

13
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exposure would be a negative predictive factor for ultimate tumor diagnosis. Other findings that
may bear relevance are the report of subjective dizziness and the presence of asymmetric low
frequency hearing loss. In 2009, Saliba et al’ reported that complaints of subjective dizziness
were a negative predictive factor (P =.001) for an ultimate tumor diagnosis, while in 2010,
Gimsing'' reported that “reverse slope” pure tone audiogram trajectories, in which low
frequency hearing loss was predominant, were also a negative predictive factor for tumor
diagnosis (P <.01). As work proceeds toward the development of a more specific audiometric
screening protocol for VS diagnosis, factors beyond simple pure tone asymmetry will likely need

to be considered.

Question 2

What is the expected diagnostic yield for VSs when using MRI to evaluate patients
with asymmetric tinnitus, as defined as either purely unilateral tinnitus or bilateral

tinnitus with subjective asymmetry?

Target population

These recommendations apply to adults with subjective complaints of asymmetric

tinnitus.

Recommendation

Level 3: It is recommended that MRI be used to evaluate patients with asymmetric
tinnitus. However, this practice is low yield in terms of vestibular schwannoma

diagnosis (<1%).

STUDY SELECTION
A total of 806 studies were screened and assessed for eligibility per the previous criteria, and 17

79724 This recommendation evaluated the utility of

publications were included in the final review.
asymmetric tinnitus as a screening tool by analyzing both the association of asymmetric tinnitus
in the general population with the diagnosis of a VS and the frequency with which tumor patients
retrospectively reported asymmetric tinnitus at the time of their presentation. Therefore, the
presence of subjective, asymmetric tinnitus was specifically considered in this recommendation,

and studies were included only if they analyzed asymmetric tinnitus as a solitary symptom or as

part of a symptom profile in a patient screened for or diagnosed with a VS. With the application
14



395
396
397
398
399
400

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

of this exclusion criteria, 8 studies were included.””'""'*1%**2* Data extraction included study
design, level of evidence, number of patients, number of tumors found in the setting of
asymmetric tinnitus, and if applicable, the number of tumor patients with complaints of
asymmetric tinnitus. In cases where an authoring center published multiple papers on this
subject, only the study with the largest number of subject patients was used to avoid duplicate

reporting of patient data.

RESULTS OF INDIVIDUAL STUDIES

Of the 8 studies analyzed, 2 examined the incidence of asymmetric tinnitus as a solitary
audiologic symptom.”'* All studies were thought to represent class III data primarily because of
the lack of a blinded assessment and the absence of a validation set. Specific data from each

publication can be found in Tables 2 and 4.

In 1998, Lustig et al’ performed a retrospective review of all patients diagnosed with VS at a
single center between 1983 and1996 in order to describe the symptoms of patients who presented
without an ASNHL. In total, 29 of 546 tumor patients presented with symmetric sensorineural
hearing, defined as the absence of any of the following: interaural asymmetry >15 dB at a single
frequency or >10 dB at 2 or more frequencies (500 Hz and 1, 2, and 4 kHz), speech reception
threshold (SRT) >20 dB, or an interaural speech discrimination score differential of >20%. It is
noteworthy that 5 of these 29 symmetric hearing patients had tumors >3 cm in their greatest
diameter. The most common symptoms in these 29 patients were disequilibrium (41%) and
cranial neuropathies aside from the cochlear nerve, including facial weakness in 34% and facial
paresthesia in 10%. Asymmetric tinnitus was reported in 4 patients. Therefore, approximately
0.7% of tumor patients at this single center presented with asymmetric tinnitus in the absence of
an objective ASNHL. In a similar fashion, Dawes et al'* described the experience of a single
referral center with patients who presented with asymmetric tinnitus. They evaluated 174
patients for this complaint, and all patients were screened with a contrast-enhanced MRI. Out of

this group, 1 patient (approximately 0.7%) was found to have a VS.

The remaining 6 studies analyzed the frequency with which patients had a complaint of

asymmetric tinnitus at the time of their presentation, regardless of other symptoms.”'"!>1¢-2%24

15
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Additional data from these studies can be found in Tables 2 and 5. In 2 of these 6 studies,”"!
rates of asymmetric tinnitus were compared in cohorts diagnosed with VS and in an unmatched
comparison group with asymmetric hearing loss in the absence of a tumor. In these studies, no
significant difference was found in the incidence of asymmetric tinnitus among tumor patients

and nontumor patients.

The remaining studies focused on tumor populations without control/comparison groups. In
2000, Haapaniemi et al** reported on 41 patients with tumors diagnosed with contrast-enhanced
MRI, revealing that 25 of 41 patients (60.9%) reported asymmetric tinnitus at the time of their
diagnosis, while 4 patients (9.8%) reported that tinnitus was their initial symptom. In 1996,
Neary et al** retrospectively analyzed the symptom profile of patients who were radiographically
or histologically diagnosed with VS. In a cohort of 93 patients, 14 (15.1%) experienced tinnitus
at the time of presentation. Also in 1996, Levy et al'® reported on the screening of 118 patients
who presented with presumed vestibulocochlear dysfunction, 9 of whom had VS diagnosed by
MRI or surgical pathology. Of these 9, there were 6 patients that reported tinnitus as a presenting
symptom, and 5 of these patients had an ASNHL documented as well, defined as >25 dB or
more at 2 or more frequencies between 1 and 8 kHz or >20% asymmetry in discrimination.
Therefore, 1 patient presented with asymmetric tinnitus in the absence of an asymmetric hearing
loss. In 1995, Van Leeuwen et al'® analyzed the 12-year experience at a single center including
164 pathologically proven VSs. Out of this cohort, it was reported that 56.7% presented with

asymmetric tinnitus.

RISKS OF BIAS AND STUDY LIMITATIONS

As discussed in the prior recommendation, the risks of selection bias and spectrum bias have to
be considered when evaluating data presented by a tertiary referral center. However, in addition
to what was previously mentioned, this recommendation incorporates data from studies in which
tumors were definitively diagnosed with histopathology in addition to those diagnosed with an
MRI. Therefore, a new selection bias is assumed in which study data is more likely to be
reflective of only patients that were candidates for surgery rather than the VS population as a
whole. It therefore stands to reason that the data presented may not be reflective of the entire VS

population, considering that some tumors may have been observed or received stereotactic
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radiosurgery. Publication bias also applies in a similar fashion, given that not all tumor patients
seen in a particular center would be included in these studies. Recall bias must also be
considered in studies involving a post-treatment analysis that relies on patients to recall if their

symptoms were initially present prior to treatment.

SYNTHESIS OF RESULTS

These 8 studies examined the association of asymmetric tinnitus with the diagnosis of a VS.
Tumor diagnosis was made with contrast-enhanced MRI or with tumor tissue histopathology. In
total, there were 720 patients subjected to MRI screening on the basis of asymmetric tinnitus in
the absence of asymmetric hearing loss. Five patients from this group were found to have a
tumor, suggesting that the prevalence of asymmetric tinnitus as an initial presenting symptom
among patients with a VS is <1%. However, many patients with a VS diagnosis report
asymmetric tinnitus, irrespective of other symptoms. Of 584 tumors from studies that met
inclusion criteria, 319 (54.6%) experienced asymmetric tinnitus. When considering these
findings, it would appear that asymmetric tinnitus may correlate more with asymmetric hearing
loss, in general, rather than the presence of a tumor. Based on available data, the presence of

asymmetric tinnitus is a relatively unreliable screening tool for VSs.

DISCUSSION

The 2014 Clinical Practice Guidelines on tinnitus produced by the AAO-HNS report that as
many as 15% of Americans suffer from tinnitus.”> Moreover, it is alleged to be the most common
service-related disability in the American veteran population. The symptom of tinnitus occurs
when a noise is perceived in the absence of an objectively produced sound, and tinnitus is
generally, but not always, associated with an audiometrically measurable sensorineural hearing
loss. It can be considered to be “primary” when there is no clear explanation for the tinnitus and

“secondary” when there is a recognizable cause.

Despite the relative frequency with which tinnitus is seen in outpatient clinics, the
pathophysiology of this complaint remains unclear. Although tinnitus is generally associated
with sensorineural hearing loss, not all patients with sensorineural hearing loss experience
tinnitus, leading to a variety of mechanisms for production and perception of tinnitus that have

been proposed over time.*® Recently, Larson and Cheung’’ postulated that the caudate nucleus of
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the basal ganglia might play an important role in the gating of tinnitus, and that deep brain

stimulation in this area my help to modulate this “auditory phantom.”

The general, the association between VSs and tinnitus is fairly well established, with recent
Acoustic Neuroma Association (ANA) survey data describing that approximately 60% of tumor
patients report tinnitus.”® However, evidence may suggest the causal relationship between the
tumor and tinnitus may simply be indirect, or in other words, a byproduct of the sensorineural
hearing loss associated with tumors; tumors do not cause tinnitus as much as unilateral, sporadic
tumors cause sensorineural hearing loss, which is associated with tinnitus. When assessing
tinnitus modulation in relation to patient demographics, tumor characteristics, and management
strategy, there are no clear associations that are evident, leading to the recommendation that
tumor patients be counseled to effectively disassociate any relationship perceived between their

tumor, the treatment of their tumor, and their tinnitus.*’

The use of asymmetric tinnitus as a screening tool for VSs is predicated on the assumption that a
unilateral, sporadic VS could lead to unilateral hearing loss, and potentially, asymmetric tinnitus.
The AAO-HNS recommends further evaluation for tinnitus when it is unilateral or associated
with ASNHL, among other circumstances.” Per the present analysis, it would appear that the use
of asymmetric tinnitus as an independent screening tool for VS diagnosis would be expected to
produce a marginal increase in the sensitivity of tumor screening protocols. Providers could
expect to diagnose a tumor in <1% of cases when asymmetric tinnitus is present in the absence
of ASNHL. When considering the broad etiologic possibilities for tinnitus in a given patient, it
may be important to formally distinguish between cases of asymmetric tinnitus on the basis of

factors that could independently lead to asymmetric tinnitus, such as noise exposure.

Question 3

What is the expected diagnostic yield for VSs when using MRI to evaluate patients
with a SSNHL?

Target population

These recommendations apply to adults with a verified SSNHL on an audiogram.
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Recommendation
Level 3: 1t is recommended that MRI be used to evaluate patients with a sudden
sensorineural hearing. However, this practice is low yield in terms of vestibular

schwannoma diagnosis (<3%).

STUDY SELECTION
A total of 806 studies were screened and assessed for eligibility per the previous criteria, and 17

publications were included in the final review.””>*

This recommendation evaluated the utility of
SSNHL as a screening tool for VS by analyzing both the likelihood of patient presentation with a
SSNHL and the frequency with which patients ultimately diagnosed with a tumor reported a
SSNHL at the time of their presentation. Therefore, patient presentation with an audiogram-
verified SSNHL was specifically considered in this recommendation, and studies were included
only if they analyzed sudden hearing loss alone as a screening tool or if they analyzed sudden
hearing loss as a presenting symptom in patients that were ultimately diagnosed with a VS. With

11,12,17-24 .
d.'M12172% Data extraction

the application of this exclusion criteria, 10 studies were include
included study design, level of evidence, number of patients, and the number of tumors found
following a sudden ASNHL. In cases where an authoring center published multiple papers on
this subject, only the study with the largest number of subject patients was used to avoid

duplicate reporting of patient data.

RESULTS OF INDIVIDUAL STUDIES

Of the 10 studies analyzed, there were 2 general classes of articles: those reporting the incidence
of tumor diagnosis in a patient cohort experiencing a SSNHL and those reporting the incidence
of SSNHL as a presenting symptom in a cohort of known VS patients. The former category
included 6 articles, which are outlined in Tables 2 and 6. All studies were thought to represent
class III data primarily due to the lack of a blinded assessment and the absence of a validation

set.

In 2011, Lee et al*® reported the experience of a single center with SSNHL between 2002 and

2008. Any patient who presented with a 30-dB loss in 3 consecutive frequencies
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“instantaneously or progressively over several days” was included; however, the authors did not
specifically clarify the definition of several days. Of 295 patients with a sudden hearing loss,
there were 9 ipsilateral VSs found that were presumed to have caused the hearing loss. In 4 of
these 9 cases, there was a reported significant recovery of the sensorineural hearing with an
unspecified corticosteroid treatment. In addition to the 9 ipsilateral tumor cases, there were also 3
cases where a VS was identified in the contralateral, better hearing ear. In 2006, Cadoni et al*!
described the experience of a single center with 54 cases of SSNHL, defined as a 30-dB
threshold shift in 3 contiguous frequencies over 3 days or less. In this cohort, an explanation of
the hearing loss was allegedly identified in 6 cases, with 1 of these cases representing an
ipsilateral VS. In 2004, Aarnisalo et al'’ reviewed the experience from a single center with
SSNHL, in which 82 patients were screened with MRI after experiencing an audiometric loss
equaling or greater than an average of 25 dB across 3 consecutive frequencies occurring in less
than a 3-week period of time. In total, 12 patients were found to have a causal relationship
between an MRI finding and the sudden loss, with 4 VSs noted. Other presumably causative
etiologies were ischemia, vascular anomalies, and demyelinating disease. Nageris et al,'* in
2003, reviewed a single center’s experience with SSNHL, reporting on cases in which a 10-dB
threshold shift was noted in at least 2 frequencies over a undefined, “few” days. Patients were
excluded if they were subsequently diagnosed with Meniere disease, a perilymphatic fistula,
middle ear disease, external ear disease, or “systemic disease.” With these inclusion and
exclusion criteria, 67 patients were analyzed, of whom 24 (36%) had a sudden hearing loss. In
1998, Fitzgerald et al'® studied a single center’s experience with SSNHL, and in this case, they
defined it as a 30-dB loss in 3 contiguous frequencies that occurs within a 24- to 72-hour period
of time or less. A total of 78 patients were selected for analysis, and 24 of the patients were
found to have a probable cause of the hearing loss identified on MRI, and 3 had a VS. Saunders
etal,'” in 1995, identified 13 VSs out of 431 SSNHL patients definitively screened with a
contrast-enhanced MRI scan. Sudden hearing loss, in this case, was defined as 25 dB at 1 or

more frequencies over 48 hours or less.

The remaining studies focused on the retrospective report of SSNHL at the time of diagnosis in
established VS patient populations. Of this group, 5 studies were selected for analysis.'""'"***

Details from these articles can be found in Tables 2 and 7. In 2010, Gimsing'' found that
20
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approximately 10% of VS patients experienced a sudden hearing loss, though the definition of
the sudden loss was not clearly defined. In 2005, Sauvaget et al* reported on 28 of 139 tumor
patients who reported a sudden hearing loss prior to their presentation. However, an audiogram
verified an actual SSNHL in only 21 cases, and the criteria used to define a sudden loss is not
explicitly defined. Haapaniemi et al,”” in 2000, described a cohort of 41 VS patients, of which 5
experienced a sudden hearing loss, and Neary et al,** in 1996, described 93 VS patients, out of
which 7 experienced a sudden hearing loss. In both of these studies, the definition of a sudden
hearing loss was not provided. Saunders et al’s 1995 report,' referenced in the above paragraph,
discussing SSNHL as a screening symptom, also included a review of patients who were
previously diagnosed with a VS. In this study, 79 of 1204 tumor patients were found to have a
documented SSNHL at presentation.

RISKS OF BIAS AND STUDY LIMITATIONS

Similar to what has been discussed in the prior recommendations, the risks of selection bias and
spectrum bias must be considered when evaluating data presented by a tertiary referral center.
SYNTHESIS OF RESULTS

These 10 studies examine the association of SSNHL with the diagnosis of a VS. Tumor
diagnosis was established with contrast-enhanced MRI or with tumor tissue histopathology.
When used as a screening tool for the general population, 54 tumors were found out of 1007
patients screened, suggesting that the prevalence of SSNHL as a presenting sign for a VS is
approximately 5.4%. When considering VS patients who have a documented history of SSNHL,
133 patients of 1680 were identified, suggesting that 7.9% of tumor patients experienced SSNHL
before their diagnosis. Based on available studies, SSNHL is a more reliable indicator of the
presence of a VS than asymmetric tinnitus in the absence of an associated sensorineural hearing

loss.

DISCUSSION

The differential diagnosis for SSNHL is broad. Presumably, any process that interferes with the
reception and translation of sound energy in the cochlea through the interpretation of a sound
signal in the auditory cortex could result in a sensorineural hearing loss. Therefore, identifying a
SSNHL could conceivably implicate vascular, infectious, autoimmune, or neoplastic etiologies,

among others. With regard to VSs, the association with SSNHL has long been established, dating
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back at least to the work of Harvey Cushing.*’ However, the spectrum of literature regarding
SSNHL in tumor patients suggests that the pathophysiology of this relationship may be
multifactorial. For example, it has been postulated that a growing tumor may compress the blood
supply of the labyrinthine artery,”' while more recently, a metabolic mechanism for hearing loss
has been suggested.*> Moreover, literature reviewed in the present study also indicates that

hearing improvement in cases of sudden hearing loss may occur in the setting of a VS."

Although the studies included in this particular recommendation used different definitions of
SSNHL, as well as different methodology, the literature would generally suggest that the yield of
contrast-enhanced MRI for VS diagnosis in this setting is fairly low. At face value, the predictive
value of SSNHL as a screening tool for VS diagnosis in this recommendation was 8.8% (median
3.6; range 1.9-35.8%). When evaluating Nageris et al'> from 2003, which provided a value
significantly higher than the other studies used for this recommendation (35.8%), it is
noteworthy that many other etiologies that could potentially account for sudden hearing loss
were excluded from this study, including Meniere disease and “systemic disease.” Therefore, the
results of that particular study may not be representative of the sudden hearing loss population as
a whole. When excluding the findings of this study, the average predictive value drops to 2.8%,
suggesting that screening every patient with SSNHL would have a false-positive result
approximately 97% of the time. However, given the possibility that an MRI could also identify
other sudden hearing loss etiologies other than a VS, contrast-enhanced MRI continues to be a

part of the recommended screening algorithm in this clinical setting.*’

SUMMARY DISCUSSION

Although a variety of different studies have evaluated the optimal screening methods for VSs, no
perfect method exists. In general, most screening paradigms for VSs have a low diagnostic yield.
However, the significance of a “positive” finding and the increasing sensitivity and availability
of diagnostic tests in the modern era have made it possible and desirable to identify VSs at their
smallest and most treatable stage. Yet in some regard, the literature that has led to the creation of

tumor screening guidelines has created a conflict of purpose: is the goal of the clinician to “never
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miss” tumors or to efficiently use limited resources to find tumors? This conflict is distinctly
demonstrated when considering the above recommendations. Clearly, the most sensitive
screening paradigm based on interaural audiometric threshold asymmetry, asymmetric tinnitus,
and ASNHL would incorporate the least stringent of all of these criteria. In other words, MRI
screening would be offered to any patient presenting with subjectively asymmetric tinnitus
and/or a measurable SSNHL or an interaural asymmetry of >10 dB at 2 or more frequencies or
>15 dB at any single frequency, and it would be expected that this method would have the
highest likelihood of diagnosing the greatest number of VSs while also providing the lowest
likelihood of missing an opportunity for VS diagnosis. Yet considering only the conflict example
presented in the first recommendation, this increase in sensitivity would come at the expense of
specificity, leading to a large number of negative MRI scans, and therefore a less efficient
utilization of resources. In order to employ the ideal screening criteria for any clinical setting, the

goals of the physician must first be clearly delineated.

The process of screening for retrocochlear pathology has evolved over the past century.
However, over time, contrast-enhanced MRI has emerged as the gold standard screening method
for VS and other IAC/CPA pathology. Prior to the CT and MRI era, patient history and physical
examination were the only available tools when a VS was suspected; however, since then, a
variety of different radiologic and neurophysiologic tests have emerged to contribute to the
diagnostic algorithm for these tumors.' Although a thorough clinical history and physical
examination and audiologic testing remain vital elements in the evaluation of a patient with
suspected retrocochlear pathology, the past few decades of VS screening literature have
evaluated the sensitivity, specificity, and cost-effectiveness of different screening tests. In
particular, auditory brainstem response (ABR), contrast-enhanced MRI, and noncontrast MRI
have been a publication focus. The emergence of MRI represents the most recent development in
a line of radiologic studies that were designed to target the lateral skull base, starting with plain
film radiograph used by Harvey Cushing and progressing through polytomography and CT air
cisternography. Similarly, ABR emerged as a primary audiologic assessment tool that was
designed to raise suspicion of retrocochlear pathology. In addition, with the increasingly
prevalent emphasis placed on cost-conscious and cost-effective diagnostic strategies, ABR
became a recommended screening test. However, with the passage of time, the superior
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sensitivity and specificity of MRI has become clear,"** even though the debate continues with

45,46

regard to the necessity of intravenous contrast.”" Ultimately, it seems apparent that the addition

of contrast offers a marginal improvement in the sensitivity of MRI screening although it is

generally more time-consuming and costly.*”**

When evaluating screening algorithms for VSs, it is important to consider that this tumor type
does not encompass all forms of retrocochlear pathology. VSs are the most common benign
neoplasm of the CPA. However, in most clinical settings, the performance of an MRI for an
ASNHL, SSNHL, or asymmetric tinnitus will identify causative pathology beyond just VSs,
which raises the diagnostic yield of the screening test. In 2012, Cheng et al® performed an
analysis of 1751 patients subjected to a screening MRI at a single center. While VSs were the
most commonly identified neoplasm (5.09%), nearly 25% of cases involved the identification of
a different causative pathology. Moreover, approximately 2% of the cases involved the
identification of a CPA/IAC meningioma, or a so-called “acoustic meningioma.” In 2004,
Aarnisalo et al'® published a similar report in which MRI was able to establish a causative
pathology for sudden hearing loss in 14% of cases, with only 5% attributable to a VS. The
remainder of the cases involved vascular pathology and “demyelinating processes.” With these
studies as examples, the ability to identify pathology beyond VSs should be a consideration
when designing a screening algorithm for otologic symptoms.

CONCLUSIONS AND KEY ISSUES FOR FUTURE INVESTIGATION

VSs are the most common benign tumors of the CPA. Otologic symptoms, such as hearing loss,
are common at presentation for patients ultimately diagnosed with VSs, although as long as these
symptoms are the sole criteria for a particular screening guideline, it is reasonable to assume that
some tumors will be missed. Moreover, specificity and sensitivity vary among the guidelines,
suggesting that the most appropriate recommendation for a given center would depend on the
philosophy of the center (ie, is it more important to miss fewer tumors or have fewer negative

scans) and available resources.

The existing literature on the expected VS patient symptom profiles suggests that as long as
objective audiometric criteria are the basis of any screening protocol for VSs, a portion of tumors
will always go undiagnosed. Generally, slow tumor growth rates and the potential for
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compensation within the IAC and CPA may be a major contributing factor to the failure of a
symptom-based screening system. The growth rate of VSs has long since been a matter of
interest and speculation, with most reports identifying an average expansion of <I mm per year
when growth is observed.*>* With a slow rate of progression, functional accommodation is
possible, limiting the presenting symptom profile even in the setting of very large tumors. Van
Leeuwen et al'® demonstrated that it can be difficult to consistently correlate tumor size with
associated symptoms. The work of Lustig et al’ reflected on a single center’s experience with VS
diagnosis in the setting of relatively symmetric sensorineural hearing, and over half of the 34
reported tumors were found to be >1 cm at diagnosis with 5 tumors being >3 cm. Less typical
symptoms that led to a positive diagnosis included disequilibrium/imbalance, other cranial nerve
deficits, and headache. In 1998, Moffat et al** described the Cambridge experience with VS
symptom profiles at the time of diagnosis, reporting that 10.7% of patients presented with these
“atypical” complaints. Although the scope of this paper was limited to audiometric screening and
subjective tinnitus, it stands to reason that the most comprehensive criteria for VS screening
would involve multiple features, both in terms of a patient’s symptoms, audiologic testing, and
their audiologic history (eg, noise exposure). Research directed toward the development of a
weighted “score” for VS diagnosis will be a welcome addition to this body of literature.
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multidisciplinary physician volunteer task force and serves as an educational tool designed to
provide an accurate review of the subject matter covered. These guidelines are disseminated with
the understanding that the recommendations by the authors and consultants who have
collaborated in their development are not meant to replace the individualized care and treatment
advice from a patient's physician(s). If medical advice or assistance is required, the services of a
competent physician should be sought. The proposals contained in these guidelines may not be
suitable for use in all circumstances. The choice to implement any particular recommendation
contained in these guidelines must be made by a managing physician in light of the situation in
each particular patient and on the basis of existing resources.
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Table 1. Audiologic screening primary search strategy, results, and initial pruning

ENDNOTE PUBMED (NLM), searched on May 10th, 2015:

Search 1: All Fields, Contains “acoustic neuroma’” OR All fields, Contains “vestibular
schwannoma” AND All Fields, Contains “audiometric”

Results: 176

Search 2: All Fields, Contains “acoustic neuroma’” OR All fields, Contains “vestibular
schwannoma” AND All Fields, Contains “tinnitus”

Results: 456

Search 3: All Fields, Contains “acoustic neuroma’” OR All fields, Contains “vestibular
schwannoma” AND All Fields, Contains “sudden hearing loss”

Results: 183

Search 4: All Fields, Contains “acoustic neuroma’” OR All fields, Contains “vestibular
schwannoma” AND All Fields, Contains “asymmetry”

Results: 68

TOTAL: 883

ENDNOTE EMBASE, searched on May 10th, 2015:

Search 1: Abstract, Contains “acoustic neuroma” OR Abstract, Contains “vestibular
schwannoma” AND Abstract, Contains “audiometric”

Results: 108

Search 2: Abstract, Contains “acoustic neuroma” OR Abstract, Contains “vestibular
schwannoma” AND Abstract, Contains “tinnitus”

Results: 253

Search 3: Abstract, Contains “acoustic neuroma” OR Abstract, Contains “vestibular
schwannoma” AND Abstract, Contains “sudden hearing loss”

Results: 37

Search 4: Abstract, Contains “acoustic neuroma” OR Abstract, Contains “vestibular
schwannoma” AND Abstract, Contains “asymmetry”

Results: 40

TOTAL: 438
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ENDNOTE Web of Science, searched on May 10th, 2015:

Search 1: Title/Keywords/Abstract, Contains “acoustic neuroma” OR
Title/Keywords/Abstract, Contains “vestibular schwannoma” AND
Title/Keywords/Abstract, Contains “audiometric”

Results: 112

Search 2: Title/Keywords/Abstract, Contains “acoustic neuroma” OR
Title/Keywords/Abstract, Contains “vestibular schwannoma” AND
Title/Keywords/Abstract, Contains “tinnitus”

Results: 243

Search 3: Title/Keywords/Abstract, Contains “acoustic neuroma” OR
Title/Keywords/Abstract, Contains “vestibular schwannoma” AND
Title/Keywords/Abstract, Contains “sudden hearing loss”

Results: 124

Search 4: Title/Keywords/Abstract, Contains “acoustic neuroma” OR
Title/Keywords/Abstract, Contains “vestibular schwannoma” AND
Title/Keywords/Abstract, Contains “asymmetry”

Results: 49

TOTAL: 528

Summary of Primary Search

Combined from 3 database searches, total of 1849 candidate articles
Deleted all duplicate articles

Deleted articles published before 1/1/1990 and after 12/31/2014
Total number of candidate articles after primary search = 806
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Table 2. Evidence table

Author/Year Study Description Data Results and Conclusion
Class
Saliba et al, Retrospective review from a single | III | Results: Eighty-four of 232
2011 center that analyzed symptoms patients meeting the
most predictive of a VS diagnosis aforementioned criteria had a VS.
on MRI evaluating patients seen
between 2003-2008. Patients had For the rule 3000 Hz:
to have had an audiogram and a Sensitivity: 0.73
contrast-enhanced MRI. Hearing Specificity: 0.76
asymmetry was defined, for PPV: 0.86
purposes of patient screening as 10 NPV: 0.68
dB at >1 frequencies or >15% LR(+): 2.91
discrimination difference. The LR(—): 0.38
study was purposefully broad to
cover all the definitions of hearing Conclusion: The rule of 3000 (15
asymmetry in the literature. dB interaural difference at 3000
Hz) has the highest likelihood
ratio for VS diagnosis out of all of
the previously reported definitions
of asymmetric pure tone
thresholds. However, it is
important to note that VS
detection sensitivity would be
diminished with this definition.
Lee et al, Retrospective review of a single III | Results: Twelve patients had a VS
2011 center’s experience with SSNHL found out of the 295 screened, but

from 2002-2008. FIESTA
sequence MRI was used to screen
any patient with a >30 dB loss in 3
contiguous frequencies over an
undefined “several days” or less.

3 of 12 actually had a tumor
incidentally found in the ear
contralateral to the hearing loss.
For that reason, 9 patients
presumably had a SSNHL
associated with a VS.

Conclusion: SSNHL is a relatively
rare presenting sign of a VS.
Approximately 4% of the patients
in this current study had a SSNHL.
On the basis of these findings, the
authors advocate obtaining MRI
screening on patients with a
SSNHL.
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Gimsing,
2010

Retrospective review of a single
center’s experience with
asymmetric pure tone thresholds
and discrimination between 1973—
2008. Patients diagnosed with a
VS using MRI were included in
the study. A control group was
also used including patients who
had suspicious audiograms or
symptoms and no tumor on MRI.

III

Results: 203 tumor patients were
identified (199 had audiograms
available, 197 with known tumor
size). 225 control patients were
identified. These patients were not
matched to the tumor patients for
any demographic. The mean age
was the same in both groups (55
years), and the nontumor group
had more men (P < .05)

10% of patients experienced a
SSNHL in the study population,
though the definition of a sudden
loss was not well defined.

Patients without a tumor were
more likely to have “flat”
audiograms (P < .05), “trough”
audiograms (P < .05) and “reverse
slope” audiograms (P < .01). In
general, the latter suggests that
there is more low frequency
hearing loss in nontumor patients.

Asymmetric tinnitus was seen
equally in tumor patients (60%)
versus nontumor patients (64%).

A mean of 39% discrimination
loss was seen in VS ears vs 23%
loss in nontumor ears (P < .01).
The mean intra-aural difference
was significantly greater in tumor
patients (mean 35% difference) vs
controls (19% difference, P <
.0001). The discrimination loss
was less for tumors <11 mm (31%
mean) than for larger tumors (47%
mean).

Conclusions: The most sensitive
screening test for tumor diagnosis
in the study population was either:
1) asymmetry >15 dB at any
frequency (0.5—4 kHz) or 2)
asymmetry >19 dB at 2 contiguo j
frequencies. The most specific tes
for tumor diagnosis in the study
population was: males: average
asymmetry >19 dB (1-8 kHz);




Saliba et al, Retrospective review from a single | III | Results: 74 of 115 (64%) patients
2009 center that attempted to analyze meeting these criteria had a VS.
symptoms most predictive of a VS
diagnosis on MRI using patients 59/74 (80%) tumor patients had
seen between 2003-2007. To be asymmetric tinnitus, and 32/48
included, patients had to have had (67%) nontumor patients had
an audiogram, an ENG, and a asymmetric tinnitus (P = .078).
contrast-enhanced MRI. Hearing
asymmetry was defined as 15 dB 25 nontumor patients had vertigo
at >1 frequencies or 15% or more vs 9 tumor patients (P <.001).
discrimination asymmetry. However, the vestibular deficit
percentage was 45% for the tumor
patients and 25% for the nontumor
patients (P = .049)
Conclusion: Tinnitus and
vestibular handicap alone are not
reliable predictors of a VS
diagnosis. Pure tone asymmetry of
>15 dB at 3000 Hz should be
considered as a VS screening tool
because of its relatively high
sensitivity and specificity.
Cadoni et al, | Retrospective review of patients III | Results: 54 patients who met these

2006

presenting with a SSNHL from a
single center (no date range
provided).

SSNHL was defined as a
difference of 30 dB at 3
contiguous frequencies over 3
days or less.

criteria were screened with a
contrast-enhanced MRI.

In this series, an MRI abnormality
within the auditory pathway was
found in 11% of cases of SSNHL,
but only 1 VS was identified.
Other lesions identified included
cochlear inflammation, arachnoid
cyst, demyelination, and a pontine
lesion.

Conclusion: SSNHL is a rare
presenting sign of a VS, although
this clinical finding should not be
discounted when it occurs. On the
basis of these findings, the authors
advocate for an MRI screen in
patients with a SSNHL.
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Sauvaget et
al, 2005

Retrospective review of patients
from a single center between
2000-2002. VS diagnosis was
proven on the basis of
histopathology. The definition of a
sudden hearing loss was not
provided.

III

Results: 139 patients with tumors
were analyzed. 23 cases from the
study group experienced a single
sudden hearing loss episode before
their tumor diagnosis, and 5
patients had >1 episode of sudden
hearing loss before diagnosis.
However, these numbers reflect a
patient’s subjective report of
sudden hearing loss. Only 21 total
patients had their hearing loss
verified with an audiogram.

Conclusion: SSNHL may be more
common than is generally
appreciated, which is attributable
to the belief that not all patients
who experience a sudden loss seek
medical attention or undergo an
audiogram. On the basis of these
findings, the authors advocate for
MRI screening of patients with a
sudden hearing loss.

Aarnisalo et
al, 2004

Planned case review of SSNHL
cases between 1999-2000 at a
single center. Sudden hearing loss
was defined as a 25-dB average
difference at 3 contiguous
frequencies occurring in <3 weeks.

III

Results: Using this definition, 30
cases were found, 82 of which had
screening MRIs with gadolinium
contrast. Of 82 study patients with
an MRI, 29 patients had
identification of a definite
abnormality. 12 of these patients
had a pathology that was possibly
related to the hearing loss. 4 of
these patients had a VS.

Conclusion: Performing an MRI
shortly after a SSNHL can be
helpful to establish a diagnosis. On
the basis of these findings, the
authors advocate for MRI
screening of patients with a
SSNHL.
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Nageris et al, | Retrospective review of a single I | Results: The study criteria
2003 center’s experience with SSNHL identified 67 patients with
between 1989-2000. Sudden asymmetric SSNHL. 24 patients
hearing loss was defined as any had VSs, while 43 did not. In the
patient who presented with a 10- study population, 16.7% of tumor
dB loss in >2 frequencies over a patients had a complete hearing
poorly defined “few days.” These recovery. The authors make the
patients were screened with a point that when hearing recovery
contrast-enhanced MRI. Patients occurs after a SSNHL, it does not
were excluded if they were rule out the possibility of a VS.
ultimately diagnosed with Meniere
disease, a perilymphatic fistula, Conclusion: SSNHL can be a
middle or external ear disease, or presenting sign of a VS, and
“systemic” disease. hearing can recover in these
patients, although recovery is rare.
Based on these results, the authors
advocate for MRI screening of
patients with a SSNHL, even if
recovery is demonstrated.
Haapaniemi Retrospective review of patients III | Results: 41 total patients were
et al, 2000 diagnosed with a VS at a single analyzed. Out of the study

center between 1992-1997.
Diagnosis was made using
contrast-enhanced MRI. The
authors sought to evaluate the
symptoms of patients presenting
with a tumor and to correlate these
symptoms with tumor size and
location. SSNHL, asymmetric
hearing loss, dizziness, and
tinnitus were evaluated. No clear
definition was given for sudden
hearing loss or asymmetric hearing
loss.

patients, 5 patients experienced a
sudden hearing loss, and 4 patients
experienced asymmetric tinnitus
as their chief complaints. 5
patients experienced subjective
dizziness as their chief complaint.

Conclusion: Both sudden hearing
loss and asymmetric tinnitus are
rare initial symptoms in patients
diagnosed with a VS when
compared with the patients who
present with an initial complaint of
asymmetric hearing loss. The
authors recommend MRI

screening for any patient
experiencing these symptoms.
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Magdziarz et
al, 2000

Multicenter, retrospective review
performed between 1980—-1997 to
evaluate patients that present with
relatively “normal” audiologic
findings and are ultimately
diagnosed with a VS.

To be included, patients had to
have comprehensive audiometry,
ABR testing, and surgical
histopathology for the tumor after
resection.

To be “normal,” audiometric
findings had to include speech
discrimination >90% in the bad
ear with a pure tone intra-aural
difference of <10 dB at any one
frequency for 500, 1000, and 2000
Hz.

III

Results: 369 VS patients were
identified, of which 10 had
relatively “normal” hearing.
Moreover, once these 10 patients
were identified, a matched
comparison was done with 10
patients who had tumors and
hearing loss. A match was made
on the basis of:

1) Age within 5 years

2) Tumor size within 0.3 cm

3) Tumor location (classified as
IAC + CPA OR CPA +£IAC)
4) ABR findings preoperatively

In the 10 patients with “normal”
hearing, the mean age was 39.1
years (range 2949 years). As per
the definition, 0% had a SDS
<90% in the tumor ear. No patient
was found to have audiometric
rollover.

Out of the 359 tumor patients with
“abnormal hearing” the mean age
was 50.2 years (range 10-86
years). 86% had SDS <90% in the
tumor ear. 55.2% had audiometric
rollover.

In the 10 matched, control patients
with “abnormal” hearing, 70% had
SDS <90% in the tumor ear.

2.7% of 369 patients with proven
tumors presented with “normal”
hearing. Disequilibrium,
asymmetric tinnitus (4/10
patients), and vertigo were the
most common symptoms in the
“normal” hearing group. Average
tumor size was smaller in patients
with “normal” hearing (1.44 vs
1.96 cm), although statistical
analysis was not clearly
performed. 35
Conclusion: Tumors can be
present in the absence of pure tone
asymmetry as measured on




Dawes et al,
1999

Retrospective review of patients
sent to a single center for a
screening MRI from 1994-1997.
Unilateral tinnitus was the primary
concern for screening.

III

Results: 174 patients received a
contrast-enhanced MRI for
unilateral tinnitus. In this study, 1
patient of 174 (0.6%) had a tumor
found after screening for this
reason. However, there were 18
other patients who had “positive”
findings on the MRI that merited
further investigation. In total,
approximately 3.4% of the study
population had a finding on MRI
that was considered to be
causative for the tinnitus.

Conclusion: Unilateral tinnitus is a
rare presentation of a VS in the
absence of an asymmetric hearing
loss. The authors suggest that the
findings presented in this study
justify MRI screening for
asymmetric tinnitus.

Fitzgerald et
al, 1998

Retrospective review from a single
center of SSNHL cases between
1989—-1995 screened with a
contrast-enhanced MRI. Sudden
hearing loss was defined as a >30
dB decrease in thresholds in >3
contiguous test frequencies
occurring over a 24- to 72-hour
period.

III

Results: 78 consecutive patients
were identified who met these
criteria. 31% of patients had
abnormal findings on the MRI that
were presumed to be the cause of
the sudden hearing loss. The
frequency of VS identification was
4%.

Conclusion: Asymmetric SSNHL
is not infrequently associated with
a recognizable pathology on MRI.
On the basis of these findings, the
authors advocate an MRI when
SSNHL is identified on
audiogram.
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Lustig et al, Retrospective review of all I | Results: In total, 29 “normal
1998 patients diagnosed with VSs at a hearing” patients were identified
single center between 1983—-1996 out of 546 VS patients. 9 patients
in order to identify VS patients were male, and 20 were female. In
who presented with symmetric this study, 5.3% of VS patients
hearing on audiogram. The met their definition of symmetric
definition of symmetric hearing acoustic thresholds. Amongst this
was an interaural difference <15 group, the most common
dB at a single frequency or <10 dB indications for MRI diagnosis
at 2 or more frequencies (500, 1K, were subjective disequilibrium
2K and 4K Hz). Symmetry also (41%), cranial nerve abnormalities
required a SRT <20 dB and an (38%), NF2 family screening
interaural speech discrimination (17%), and asymmetric tinnitus
score differential of <20%. (14%), subjective hearing loss
(14%), headache (14%) and
incidental finding. In one case of
symmetric hearing thresholds, a
3.5-cm tumor was identified.
Conclusion: Tumors can be
present in the absence of pure tone
asymmetry as measured on
audiometry. Due to the possibility
of tumor patients presenting with
symmetric hearing, the authors
recommend that persistent
vestibulocochlear complaints be
evaluated.
Levy et al, Retrospective analysis from a III | Results: In total, 118 patients were
1996 single center over 2 years (no screened. Of 118 patients, 9 were

dates given) to analyze the MRI
findings in patients with
vestibulocochlear dysfunction.
Patients were generally screened
with an MRI to evaluate vestibular
symptoms, abnormal ABR
findings, or abnormal audiogram
findings. Audiometric findings
considered to be abnormal were
asymmetric hearing loss of >25 dB
at 2 or more frequencies between
1-8 kHz or >20% asymmetry in
discrimination.

found to have a definite VS based
on MRI or pathology. 5 of these 9
patients had asymmetric hearing
and 6 of the 9 patients had
asymmetric tinnitus. Therefore,
there was 1 patient who presented
with asymmetric tinnitus in the
absence of an asymmetric hearing
loss.

Conclusion: The authors in this
study conclude that there are no
symptoms or audiometric findings
that are clearly sensitive for VS
diagnosis.
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Neary et al,
1996

Retrospective review of patients
with a proven VS diagnosis from a
single center between 1991-1994.
Audiologic findings were
analyzed. Patients were included
for analysis if there was a proven
histologic diagnosis (80) or a
contrast-enhanced MRI confirmed
diagnosis (13), leading to a total of
93 patients. There was no clear
definition of asymmetric hearing
loss on the basis of an audiogram.

III

Results: 93 patients were
identified. The mean age of
symptom onset was 44.4 years.
Out of the 93 patients, 44 patients
presented with asymmetric SNHL,
while 14 patients presented with
simply unilateral tinnitus. 7
patients had SSNHL, which was
not clearly defined in audiometric
terms.

Conclusion: The authors of this
study emphasized the importance
of a thorough history and physical
to identify signs and symptoms
suggestive of a tumor diagnosis.
MRI with gadolinium contrast was
also their method of choice for
diagnosis, citing the insensitivity
of other audiometric testing.

38




Van Leeuwen
et al, 1995

Retrospective review of patients
from a single center who had a
pathologically proven VS between
1980-1992 in order to analyze
patient symptom presentation.

III

Results: 164 tumors patients were
analyzed including 88 women and
76 men. The mean age at
diagnosis was 49.2 years (range
17-79 years), and the mean tumor
size was 26.5 mm (range 8—72
mm). Of 164 tumors, 93% had
asymmetric hearing, but no clear
audiometric data were given to
quantify this statistic. Pure tone
data was not clearly presented, and
the definition of “asymmetric” was
not provided. However, 57% of
patients had asymmetric tinnitus,
and 3% had sudden deafness,
subjectively. It was unclear
whether or not all patients with
sudden deafness had a
preoperative audiogram. An
assessment between tumor size
and symptoms was made, in which
no clear correlation was found.

Conclusion: The authors
concluded that most patients have
asymmetric hearing loss as a
presenting symptom, and tumor
size does not correlate with
symptoms.
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750
751

Saunders et
al, 1995

Retrospective review from a single
center including patients from
1982—-1993 in order to evaluate
patients with SSNHL. Patients
who had a documented sudden
hearing loss of 25 dB at >1
frequencies over 48 hours or less
(836), and patients who were
diagnosed with a VS (1487) were
analyzed separately.

III

Results: Only 431 patients with a
SSNHL were screened with a
contrast-enhanced MRI to prove
the diagnosis, and 1204 cases of
the 1487 with a VS had reliable
descriptions of their presenting
symptoms. In total, 13 of 431 (3%)
patients with SSNHL were found
to have a VS on MRI. A sudden
hearing loss was documented in 79
of the 1204 (7%) VS patients.
Furthermore, it was reported that
15.4% of patients had an
asymmetric tinnitus prior to
experiencing a sudden hearing
loss, although it was unclear how
these patients were screened or
how the tumor was diagnosed.

Conclusion: Based on these data,
the authors conclude that SSNHL
should be evaluated further with
additional diagnostic studies. The
authors also suggest that facial
pain, paresthesia, and asymmetric
tinnitus can be suggestive of a
tumor diagnosis.
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751

752

753

754

Table 3. Comparison of asymmetric sensorineural hearing loss criteria

Lead No. of No. of Most Sensitive Most Specific
Author, | Patients | Tumors
Date Screened | Identified
Saliba et 212 84 >10dB at 2 >15 dB difference at 3000
al, 2011 contiguous Hz (0.76)
frequencies OR 15
dB at any single
frequency (0.93)
Gimsing, 428 203 >15 dB at any Males: average asymmetry
2010 frequency OR 20 dB | >20 dB (1-8 kHz);
at 2 contiguous females: asymmetry >20
frequencies (0.93) dB at 4 kHz
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Table 4. Articles in which asymmetric tinnitus was a presenting symptom used for VS screening

Lead Author, Date | Patients with Asymmetric | Patients Diagnosed with a VS
Tinnitus
Dawes et al, 1999 174 1
Lustig et al, 1998 546 4
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759
760

761
762

763

Table 5. Articles in which asymmetric tinnitus was noted by VS patients at the time of

presentation, irrespective of other symptoms

Lead Author, Patients Patients Comparison Group
Date with Diagnosed
Asymmetric | with a VS
Tinnitus
Gimsing, 2010 122 203 144 of 225 patients with an
asymmetric hearing loss but without
a VS also had asymmetric tinnitus
Saliba et al, 2009 59 74 32 of 48 patients with an
asymmetric hearing loss but without
a VS also had asymmetric tinnitus
Haapaniemi et al, 25 41 None
2000
Neary et al, 1996 14 93 None
Levy et al, 1996 6 9 None
Van Leeuween et 93 164 None

al, 1995
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769

Table 6. Articles in which SSNHL was a specific finding used for VS screening

Lead Author, Date Patients with SSNHL Patients Diagnosed with VS
Lee etal, 2011 295 9
Cadoni et al, 2006 54 1
Aarnisalo et al, 2004 82 4
Nageris et al, 2003 67 24
Fitzgerald et al, 1998 78 3
Saunders et al, 1995%* 431 13

*Patient numbers are based on the number meeting inclusion criteria from the present

study.
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Table 7. Articles in which SSNHL was noted by VS Patients at the time of presentation,

irrespective of other symptoms

Lead Author, Date Patients with SSNHL | Patients diagnosed with VS
Gimsing, 2010 21 203
Sauvaget et al, 2005* 21 139
Haapaniemi et al, 2000 5 41
Neary et al, 1996 7 93
Saunders et al, 1995 79 1204

*Patient numbers are based on the number meeting inclusion criteria from the present study.
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