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Abstract

The role of magnetic resonance imaging in the
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review of clinical and cost-effectiveness and natural history
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Objective(s): To evaluate the clinical effectiveness and
cost-effectiveness of a range of diagnostic strategies for
investigating patients with unilateral hearing loss and/
or tinnitus, with a view to confirming or eliminating

a diagnosis of acoustic neuroma, and to describe the
natural history of acoustic neuroma.

Data sources: Major electronic databases were
searched from January 1980 to August 2008.

Review methods: Selected studies were assessed and
subjected to data extraction and quality assessment
using standard methods.

Results: Studies comparing auditory brainstem
response (ABR) with magnetic resonance (MR) imaging
were highly heterogeneous. ABR has high sensitivity
compared with MR imaging for acoustic neuromas
greater than | cm in size but not for smaller neuromas.
The sensitivities of T2-weighted (T2W) and T2-
star-weighted (T2*W) imaging strategies compared
with gadolinium-enhanced T |-weighted (GdT IW)

MR imaging (gold standard) were high and relatively
homogeneous. The specificity of T2W and T2*W
studies ranged from 90% to 100% and from 86% to
99% respectively. The review of cost-effectiveness
showed that GdT IW MR imaging immediately or in
conjunction with ABR appears to be more cost-effective
than ‘traditional’ protocols; ABR/GdT IW MR imaging
protocols were more cost-effective than going directly

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

to GdT IW MR imaging. Non-contrast-enhanced MR
imaging was found to be a more cost-effective test

for acoustic neuroma than GdT IW MR imaging. The
incidence of acoustic neuroma has increased over the
last 30 years, with the median age at diagnosis remaining
at 55 years. Most patients present with insidious
symptoms of unilateral hearing impairment, tinnitus and/
or vertigo. The pattern and rate of growth of acoustic
neuroma are highly variable and currently unpredictable.
At least 50% of tumours do not grow, at least for some
years after diagnosis. Some studies have found large
initial size to be a determinant of later growth, with the
opposite also being reported. The mean growth rate
for all tumours varies between | and 2 mm/year, with a
rate of 2—4 mm/year for only those that grow; however,
there are cases with significant regression (5%) or
exceptional growth (which may exceed 18 mm/year).
Conclusions: The majority of the evidence reviewed
was poorly reported and there is therefore an inherent
risk of bias. Given the recent improvement in resolution
and reduction in cost of MR imaging, ABR can no longer
be considered appropriate as the primary test used to
screen for acoustic neuroma. T2W or T2*W sequences
enable accurate evaluation of the VllIth and Vlith cranial
nerves within the cerebellopontine angle and internal
auditory canal as well as evaluation of the cochlea and
labyrinth, and inclusion of GdT IW sequences is unlikely
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to contribute information that would alter patient
management in the screening population. The quality
of the imaging chain and experience of the reporting
radiologist are key factors determining the efficacy of

a non-contrast screening strategy. Based on a cost-
effectiveness model developed to reflect UK practice it

was concluded that a diagnostic algorithm that deploys
non-contrast MR imaging as an initial imaging screen in
the investigation of acoustic neuroma is less costly than
and likely to be as effective as available contrast MR
imaging.
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Executive summary

Background

Advances in technology within health care should
lead us to continually question the most effective
methods for investigation, diagnosis, intervention
and rehabilitation. Recent advances in imaging
techniques raise questions of clinical effectiveness
and cost-effectiveness in many areas of health care.
This report aims to address some of these questions
in the identification of acoustic neuroma.

Objectives

This report aimed to answer the following three
questions:

1. What is the role of magnetic resonance
(MR) imaging in investigating patients with
unilateral hearing loss and/or tinnitus for
suspected acoustic neuroma?

2. What is the cost-effectiveness of MR imaging
compared with other diagnostic strategies in
these patients?

3. What is known about the natural history of
acoustic neuroma?

The objectives of the study were to:

* evaluate the clinical effectiveness and cost-
effectiveness of a range of diagnostic strategies
for investigating patients with unilateral
hearing loss and/or tinnitus with a view to
confirming or eliminating a diagnosis of
acoustic neuroma

* describe the natural history of acoustic
neuroma

* synthesise the findings from these two elements
of the study to formulate guidelines for clinical
practice and proposals for future primary
research priorities.

Methods

Systematic reviews of the literature from January
1980 to October 2006 were conducted in each of
three themes:

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

e the clinical effectiveness of diagnostic strategies
to identify acoustic neuroma in patients
presenting with relevant symptoms (to include
only papers that compared a diagnostic
strategy with the gold standard of MR imaging)

* the costs and cost-effectiveness of diagnostic
strategies

e the natural history of acoustic neuroma
including incidence, prevalence,
symptomatology and growth.

Before the final submission a further simplified
search covering all three themes was conducted for
the period October 2006 to August 2008.

Clinical and methodological experts selected
papers for review based on comprehensive
inclusion criteria.

Results

The evidence from the review of diagnostic
strategies is that:

e The sensitivity and specificity of studies
comparing auditory brainstem response (ABR)
with MR imaging were highly heterogeneous.

* ABR measurement has high sensitivity
compared with MR imaging for acoustic
neuromas greater than 1cm in size but not for
smaller neuromas.

e The sensitivities of studies of T2-weighted
(T2W) and T2-star-weighted (T2*W) imaging
strategies (high-resolution, non-contrast-
enhanced) compared with gadolinium-
enhanced T1-weighted (GdT1W) MR imaging
(gold standard, contrast-enhanced) were high
and relatively homogeneous. The pooled test
sensitivity for T2W imaging as the reference
test was 98% [95% confidence intervals (CI) 94—
99%] and for T2*W imaging as the reference
test was 96% (95% CI 86-99%). The specificity
of T2W studies ranged from 90% to 100% and
for T2*W studies from 86% to 99%.

e Non-contrast, high-resolution, three-
dimensional T2W or T2*W sequences enable
accurate evaluation of the VIIIth and VIIth
cranial nerves within the cerebellopontine
angle (CPA) and internal auditory canal
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(IAC) as well as evaluation of the cochlea and
labyrinth. When these structures are clearly
and confidently identified, inclusion of GdTTW
sequences is unlikely to contribute information
that would alter patient management in the
screening population.

The evidence from the review of costs and cost-
effectiveness is that:

* Compared with ‘traditional” protocols that
deploy what have become essentially redundant
tests such as computerised tomography (CT)
and electronystagmography (ENG), strategies
that deploy GAT1W MR imaging immediately
or in conjunction with ABR appear to be more
cost-effective.

* Comparisons of ABR/GdT1W MR imaging
protocols with a direct to GAT1W MR imaging
protocol after audiometry concluded that
interposing an intervening screen was more
cost-effective than going directly to GAT1IW
MR imaging.

* Comparisons of non-contrast-enhanced MR
imaging with GdT1W MR imaging found non-
contrast-enhanced MR imaging to be a more
cost-effective test for acoustic neuroma than
GdT1W MR imaging.

* The evidence reviewed indicates the relative
cost-effectiveness of a non-contrast-enhanced
MR screen before contrast MR imaging
relative to a direct to contrast MR imaging
for all patients in the investigation of acoustic
neuroma.

The evidence from the review of incidence and
prevalence is that:

* There has been a significant increase in the
incidence of acoustic neuroma over the past 30
years, from five tumours per million per year
in 1976 to just under 20 per million per year in
2001.

*  Much of this increase in incidence is due to
the advent of better non-invasive diagnostic
techniques, especially MR scanning.

* The incidence of giant tumours has dropped,
whereas that of small and medium-sized
tumours has increased.

* The median age at diagnosis has not changed
(around 55 years).

The evidence from the review of symptomatology
1s that:

* The literature does not clearly distinguish
between the prevalence of symptoms

determined after further investigation,
examination and questioning, and the number
of patients who report that symptom as their
principal complaint.

e The majority of patients diagnosed with
acoustic neuroma present with insidious
symptoms of unilateral hearing impairment,
tinnitus and/or vertigo.

The evidence from the review of growth is that:

* Studies of the natural history and growth of
acoustic neuroma have one or more serious
weaknesses in their methodological design.

e The pattern and rate of growth are highly
variable and currently unpredictable. At least
50% of acoustic neuromas do not grow for at
least some years after diagnosis.

* No reliable predictors of growth have been
identified. Some studies have found large
initial size to be a determinant of later growth,
although the opposite has also been reported.

e The mean growth rate for all tumours varies
between 1 and 2 mmy/year, whereas considering
only those that grow the rate varies between 2
and 4 mm/year; however, there are cases with
significant regression or exceptional growth
(which may exceed 18 mm/year).

* Regression is a small but real possibility
(around 5%).

e There are various patterns of growth, and a
tumour that shows growth may stop doing so
and vice versa.

e The first year after diagnosis may be crucial
for determining the pattern of tumour growth;
however, this is not always the case and the
tumour may be stable for many years before
showing continuous growth.

Conclusions

The majority of the evidence reviewed in all three
themes was poorly reported and there is therefore
an inherent risk of bias.

Given the recent improvement in resolution

and reduction in the cost of MR imaging, ABR
can no longer be considered appropriate as

the primary test used to screen for an acoustic
neuroma. Although it is relatively inexpensive and
offers acceptable sensitivity for medium to larger
tumours, its ability to reliably indicate tumours
under 1cm is poor.

In current clinical practice MR imaging is the first-
line investigation for the identification of suspected
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acoustic neuroma in appropriately selected
patients. The GdT1W sequence remains the gold
standard sequence for evaluating cases in which
the screening sequence is indeterminate and for
characterising any suspected pathology.

The quality of the imaging chain and the
experience of the reporting radiologist are key
factors determining the efficacy of a non-contrast
screening strategy.

The applicability of previous studies reporting

cost and cost-effectiveness data is limited given
their age and the fact that many were undertaken
outside the UK. Based on a cost-effectiveness
model developed to reflect UK practice, a
diagnostic algorithm that deploys non-contrast

MR imaging as an initial imaging screen in the
investigation of acoustic neuroma is less costly than,
and likely to be as effective as, available contrast
MR imaging.

There are no regional or national tumour registries
in the UK for acoustic neuromas. Trends in
incidence are difficult to capture, and research is
heavily reliant on data from tertiary centres, which
are often unrepresentative of what is happening in
the general population.

The typical presentation of acoustic neuroma is
with symptoms of progressive unilateral hearing
impairment and associated tinnitus and imbalance.
These should be clear ‘red flags’ for investigation
and this would usefully be enshrined in clinical
protocols. It should also be borne in mind that
atypical presentation with facial pain, otalgia or
facial numbness occurs, and the clinician’s acumen
should bear this possibility in mind.

Although the biology of the tumours is well
understood, the pathophysiological mechanisms by

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

which patients become symptomatic are not, and
much of the relevant literature is inferential rather
than based on experimental evidence.

The pattern and rate of growth and the predictors
of growth are highly variable and there is little
useful information in the reviewed literature.

Recommendations
for research

e The evidence highlights the need for
primary longitudinal studies to address
unanswered questions. The studies reviewed
were generally of poor quality in terms of
the detail of the reporting of methodology
as well as the consistency of reporting, and it
is recommended that studies be undertaken
to provide evidence of the true incidence
and natural history of acoustic neuroma. To
ensure that the findings are timely, apply
to current practice and have a sufficient
number of subjects to draw robust conclusions,
such studies should be collaborative and
multicentre.

* A national audit should explore the true
prevalence of unilateral auditory symptoms
and their relation to acoustic neuromas.

e This review did not address issues of treatment
strategies nor outcomes, and useful knowledge
would be gathered and disseminated by a
systematic review of the evidence around these
issues.

* Research is required to provide evidence to
further understand the pathophysiological
mechanisms by which patients become
symptomatic.

e Itis recommended that studies of current
practice be undertaken. Developments in
technology have reduced the costs of imaging
and increased the resolution achievable.

Xi
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Chapter |

Background and main questions

Introduction

Advances in technology within health care should
lead us to continually question the most effective
methods for investigation, diagnosis, intervention
and rehabilitation. Recent advances in imaging
techniques raise questions of clinical effectiveness
and cost-effectiveness in many areas of health

care. This report aims to address some of these
questions in the identification of acoustic neuroma.
Specifically:

1. What is the place of magnetic resonance
(MR) imaging in investigating patients with
unilateral hearing loss and/or tinnitus for
suspected acoustic neuroma?

2. What is the cost-effectiveness of MR imaging
compared with other diagnostic strategies in
these patients?

3. What is known about the natural history of
acoustic neuroma?

The objectives of the study were to:

* evaluate the clinical effectiveness and cost-
effectiveness of a range of diagnostic strategies
for investigating patients with unilateral
hearing loss and/or tinnitus with a view to
confirming or eliminating a diagnosis of
acoustic neuroma

* describe the natural history of acoustic
neuroma

* synthesise the findings from these two elements
of the study to formulate guidelines for clinical
practice and proposals for future primary
research priorities.

It is important to note that this report does not
address issues of treatment options nor outcomes.

Design of the report

This introductory chapter sets the background

to the report by summarising the clinical context
of acoustic neuroma, providing a historical
overview of our knowledge and investigation of
the condition, and discussing the issues raised

by technological advances. Each of the above
questions is then addressed by a systematic review
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of the evidence in a separate chapter, and each
of these chapters begins with an introduction
summarising the key background information
specifically relevant to that area of study.

Chapter 2 comprises two subsections: a comparison
of the use of auditory brainstem responses (ABR)
with the use of MR imaging in investigation and

a comparison of the use of differing MR imaging
protocols in investigation. Chapter 3 comprises
two subsections: the costs of different investigative
strategies and the modelling of different
investigative/diagnostic scenarios. Chapter 4
addresses three areas of natural history in three
subsections: epidemiology, including incidence and
prevalence, presenting symptoms and growth.

Methods (Chapter 2) and Chapter 3 present
detailed reviews of the included papers together
with summaries of the evidence. This allows
exploration of the methodology of each paper and
permits interpretation by the reader.

Chapter 2 (Introduction) and Chapter 4 tabulate
the data from papers included in the review and
then draw conclusions in summary, thus providing
an overview from studies for which individual
methodological variation is less crucial for
interpretation. All papers included in the review
have undergone quality assessment (see Appendix
3).

Finally, Chapter 5 draws conclusions from each of
the previous chapters and makes recommendations
for further primary research in this area

Acoustic nheuroma
Anatomy

Acoustic neuromas are benign, slow-growing
tumours which arise from cells in the sheaths

that surround the VIIIth cranial nerve (the
vestibulocochlear nerve), which carries information
from the organs of hearing and balance to their
relay stations in the mid-brain.

The vestibulocochlear nerve measures about 2cm
from its root entry zone at the brainstem to the
peripheral end organ, and runs within the bony
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internal auditory canal (IAC) accompanied by the
cochlear and facial nerves. A transition zone (called
the Obersteiner—Redlich zone) exists on the nerve
where the covering myelin changes from a central
to a peripheral type, and it is here that the tumours
are thought to originate. Schwann cells proliferate,
causing compression of adjacent axons, resulting

in the formation of a schwannoma in the vestibular
(balance) portion of the nerve. Thus, anatomically
and pathologically, acoustic neuromas are more
correctly called vestibular schwannomas. However,
to make this report accessible to all, including
many who may only be aware of the more common
usage of acoustic neuroma, we have used this term
throughout this report.

The vestibular portion of the nerve has a superior
and inferior division and the origin of an acoustic
neuroma can now be identified by MR imaging
(superior division,' inferior division?). The
proportion of tumours arising from each of the
two divisions has previously been reported to be
50:50.%* More recently, Jacob and colleagues®
reported a series of 359 patients from Ohio, USA,
with unilateral acoustic neuroma undergoing
surgical removal. Results from patients in a ‘watch,
wait and rescan’ regime were not reported. It was
found that the inferior vestibular nerve (IVN) was
the nerve of origin in 84 of 359 cases (23.3%),
whereas the superior vestibular nerve (SVN) was
the nerve of origin in 36 patients (10%); in 239
of 359 cases (66.6%) the nerve of origin was not
identified.

Prevalence and incidence

In the early 1990s acoustic neuroma was shown

to represent 6% of all intracranial tumours, with
approximately 10 cases per million population
being diagnosed annually in the developed world.®
Similarly, the incidence of acoustic neuromas — the
number of newly diagnosed cases per year — was
reported to be 13 cases per million population per
year by Moffat and colleagues.” More recently, Tos
and colleagues® have shown that incidence figures
in Denmark have increased over the last 20 years
from 7.8 to 17.4 cases per million population per
year. The size of tumours diagnosed has decreased
from a median of 35 mm in 1979 to 10mm in 2001
but the median age at diagnosis has remained
unchanged at 55 years.? Thus, these data are
probably a reflection of better diagnostic methods
rather than a true increase in neuroma incidence.
A review and synthesis of the relevant literature is
presented in Chapter 4 and provides evidence of
the changing natural history that will contribute to
decisions on future strategies for identification.

Age at onset

Patients with unilateral acoustic neuromas most
commonly present in their 40s and 50s but the
reason for this late onset remains unknown.
Research suggests that the primary event in

the causation of all acoustic neuromas may be
dysfunction of the neurofibromatosis type 2 (NF2)
gene on chromosome 22, the product of which is a
suppressor protein (merlin) that primarily regulates
cell division. Without this protein uncontrolled
Schwann cell proliferation takes place.'” This
should not be confused with the inherited
condition of NF2, which is a distinct disease
involving bilateral tumours and with an onset
much earlier in life. This report addresses issues
concerned with the identification of unilateral
acoustic neuroma and therefore does not consider
cases of NF2 as the pathology, natural history and
management are distinctly different from those of
the much more common solitary acoustic neuroma.

Because the average age at presentation is

typically in the 40s or 50s, patients could expect,
on average, to have 15-20 years of working life
remaining. Delays in diagnosis could result in some
loss of productivity and thus this should be borne
in mind when considering alternative diagnostic
strategies.!!

Clinical presentation

Not all acoustic neuromas grow. For those that do
it is generally considered that they do so through

a number of stages that relate to their clinical
presentation. Although substantial variability exists
in clinical manifestations of the tumour, particular
symptoms are more common with particular stages
as adjacent structures are compressed:

e Preclinical stage. An acoustic neuroma of
any size may be present but may not cause
symptoms or the symptoms may be present
but disregarded by the patient. Such tumours
may, for instance, be diagnosed when patients
are referred for an assessment of their hearing,
for example following routine health checks
or following referral for a hearing aid. Some
may also be diagnosed incidentally as a result
of having a brain scan for reasons unrelated to
hearing.

e Intracanalicular stage (Figure I). The tumour is
small and confined within the IAC. Symptoms
are due to compression of the vestibulocochlear
nerve and may be auditory or vestibular,
such as asymmetric sensorineural hearing
impairment (ASHI), which may be sudden
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and/or gradually progressive, tinnitus and/or
vertigo.

* Cisternal stage (Figure 2). The tumour extends
beyond the limited rigid confines of the IAC
into the basal cisterns of the cerebellopontine
angle (CPA). Progression to this stage
may result in further compression of the
vestibulocochlear nerve leading to a worsening
of audiovestibular symptoms, while localised
dural irritation may cause headache. Patients
may also develop disequilibrium and/or other
cranial nerves may become involved (e.g. the
trigeminal nerve, resulting in a disturbance of
facial sensation).

* Brainstem compressive stage (Figure 3). This
is characterised by the additional symptoms
and signs of brainstem compression such as
headache, visual disturbance, numbness or
ataxia.

The number of patients with asymmetrical hearing
symptoms who attend ear, nose and throat (ENT)
clinics and are eventually diagnosed with acoustic
neuroma ranges from 1% to 7.5%"*"* dependent
on the criteria thresholds set. The National Study
of Hearing'” showed that 2.9% of the population
has an asymmetry greater or equal to 15dB

across 0.5—4.0kHz. For the high frequencies, 4,

6 and 8kHz, this prevalence increases to 10.4%.
When the better ear has hearing thresholds

better than 25dB, the prevalence values are

5.2% and 10.9% respectively.”” Thus, the burden
of patients in whom the exclusion of an acoustic
neuroma is indicated is significant upon individual
departments of otolaryngology and upon the
health economy.

Many patients with acoustic neuroma experience
hearing impairment, tinnitus and imbalance. There
are a number of less common symptoms including
facial numbness, headaches and otalgia. In some
cases there are markedly unusual patterns of
symptoms at presentation, and some asymptomatic
patients have an acoustic neuroma diagnosed whilst
undergoing radiological investigation for unrelated
symptoms. Chapter 4 (see Symptoms) summarises
the literature on presenting symptoms.

Growth

When growth occurs, acoustic neuromas are
typically slow growing. A recent systematic review
of 26 studies (published up to 2002) including
1340 patients reported a combined mean growth
rate of 29-46% dependent on study design, and a
mean annual growth rate of 1.2mm/year. Not all
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FIGURE I MR scan of acoustic neuroma at the intracanalicular
stage.

FIGURE 2 MR scan of acoustic neuroma at the cisternal stage.

FIGURE 3 MR scan of acoustic neuroma at the brainstem
compressive stage.
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tumours grow. The range in the individual studies
reported by Yoshimoto'® was 9-84% (mean growth
rate not reported). The mean tumour regression
rate is reported as 8%.

The capacity to image even the smallest tumours
has introduced management dilemmas. It is
known, for instance, that many patients live
undisturbed by their tumours, ultimately dying
with them but not because of them. Other tumours,
however, progress to cause life-threatening
neurological symptoms. Therapeutic intervention,
by surgery or radiation treatment, is associated with
significant morbidity and consequences for quality
of life."”!® Distinguishing those patients whose
tumours pose a threat from those whose tumours
may safely be left without intervention remains one
of the main therapeutic questions confronting this
field.

An update of the evidence on patterns and
predictors of growth, including recent studies using
modern technology for measurement, is presented
in Chapter 4 (see Growth).

Diagnostic strategies

Taking into account the evidence on growth, early
diagnosis offers the patient a range of management
options and may significantly reduce morbidity.

It is therefore important to identify patients who
are at risk and use appropriate investigations to
identify any tumours early.

The priority should be to confirm that there is no
abnormality (rather than to detect abnormality).
False positives can be followed up, but false
negatives may be lost to follow-up and present
late with progressive disease. Early diagnosis is
also a priority as treatment of smaller lesions has
lower risk. Small lesions may not be detected by
ABR and very small lesions may be overlooked
by MR imaging, even with the use of gadolinium-
enhanced T1-weighted (GdT1W) sequences.

A variety of diagnostic tools and protocols

exist for the detection of acoustic neuroma but
there are no current guidelines on which is

the most clinically effective and cost-effective

to use. Clinical effectiveness guidelines for the
investigation and management of acoustic neuroma
were commissioned by the Clinical Practice
Adpvisory Group of the British Association of
Otorhinolaryngologists — Head and Neck Surgeons
in 2000. A working party produced a report in
2002." The one recommendation concerned with

investigation stated that MR imaging represented
the method of choice for identifying acoustic
neuroma in patients presenting with unilateral or
asymmetric auditory symptoms, but this was not
based on a complete and systematic review of the
evidence.

There remains no agreement as to which screening
protocols are most appropriate for the population
presenting with symptoms that might indicate

the presence of an acoustic neuroma. The clinical
investigations available historically and reported
in the literature comprise audiological assessments
including pure tone and speech audiometry,
electrophysiological tests and diagnostic imaging
[either computerised tomography (CT) scanning
or MR imaging]. Each of these strategies will be
briefly introduced here and then addressed with a
review of the evidence in Chapter 2.

The effectiveness of a diagnostic test can be
considered in terms of the sensitivity and specificity
of the test.?’ The sensitivity of a test refers to the
proportion of patients with the target disorder who
have a positive test result. The specificity refers to
the proportion of patients who do not have the
target disorder and who have negative or normal
test results. These concepts require a gold standard
test (GATIW MR imaging in the case of acoustic
neuroma) and so make the assumption that the
gold standard has 100% sensitivity and specificity.
In the case of MR imaging and acoustic neuroma
this cannot be entirely true: although the sensitivity
approximates 100%, there will be some microscopic
tumours that are not detectable. Further, some
false-positive diagnoses may occur, so that the
specificity approximates 100% but will not achieve
that figure.

Audiological tests

Patients typically present with one or more
audiovestibular symptoms that result in referral
to an otolaryngology clinic. If a history and
physical examination suggest the possibility of an
acoustic neuroma, an audiological examination
will be requested. This will generally consist of
pure tone and speech recognition audiometry,
although different criteria are used by different
departments in defining what constitutes an
abnormal result warranting further investigation.
Historically these tests proved to be of limited
value, as they often gave a mixed picture'' and
did not in fact diagnose acoustic neuroma; rather
the likelihood of this pathology was increased

in the clinician’s mind. More recent work has
indicated that the mixed picture was the result
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of the acoustic neuroma potentially causing both
cochlear hearing impairment because of ischaemia
or biochemical degradation®' and retrocochlear
hearing impairment by nerve compression. Recent
work has indicated that measures of audiological
handicap may have utility in the management of
patients with acoustic neuroma.?? A brief summary
of the role of audiological investigation in the
identification of acoustic neuroma is presented in
Chapter 2 (see Comparison of the use of auditory
brainstem response with the use of magnetic
resonance imaging).

Electrophysiological tests

Electrodiagnostic recordings of the ABR enable the
investigation of the functioning of the peripheral
auditory nerve and the auditory brainstem
pathways.?*! For ABR (or other physiological
tests such as caloric testing, speech audiometry,
pure tone audiometry) to indicate a retrocochlear
lesion that might be tumour, the tumour has to
exert some effect (most commonly thought to be
physical pressure) on the neurological structures
involved. An acoustic neuroma usually has the
effect of slowing the speed of propagation of

the action potentials as they progress through

the ascending auditory pathway or causing dys-
synchrony of the potentials. These two mechanisms
lead to a delayed latency response or an abolished
response respectively. However, it is important to
remember that an abolished response can be the
result of a severe/profound cochlear impairment
as well as the result of an acoustic neuroma. The
ABR has been studied extensively over the last

20 years with respect to its diagnostic capability,
it’s relationship to other diagnostic tests, its effect
on the management of patients,?* including
comparative roles of ABR and other diagnostic
investigations,'*?”# it’s limitations in the
identification of small tumours,**” and potential
techniques to enhance it’s diagnostic power.*"-*?
ABR can also provide additional information
such as the degree of brainstem compression by
measurement of the ABR on the non-tumour
side.'™* This may be monitored postoperatively as
an index of recovery.

Chapter 2 (see Comparison of the use of ABR
with the use of MR imaging) summarises the
published data to evaluate the role of ABR with
respect to other diagnostic tests in the screening
and diagnosis of patients with suspected acoustic
neuroma. When evaluating the role of ABR
compared with other technologies such as MR
imaging, it should not be overlooked that there
are some patients for whom MR imaging is not
appropriate and for whom some alternative
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strategy is needed to cater for them. ABR or CT
may represent an option for the majority of such
patients.*%

Imaging tests

MR imaging detects tumours on the basis of
abnormal anatomy and is a structural investigation,
whereas ABR relies on altered physiology and is a
functional investigation.

Imaging has evolved from diagnostic tests that
involved clinical risk (CT with cisternography),
through non-invasive, low spatial resolution

axial examinations (CT plus contrast), to high-
resolution MR imaging using three-dimensional
T2W or gradient echo sequences and possibly T1TW
sequences post contrast. Current 1.5- or 3.0-Tesla
(T) clinical MR imaging scanners offer high-
resolution three-dimensional volume sequences
that enable effective screening of the majority of
patients without a requirement for T1W sequences
post gadolinium (reducing cost). Most units will
reserve postcontrast sequences for those cases in
which the diagnosis of acoustic neuroma cannot be
confidently excluded by a three-dimensional T2W
or gradient echo sequence.?”*

MR imaging with gadolinium (GdT1W) is
considered by many as the gold standard
diagnostic test for acoustic neuroma,*** and is
used to evaluate positive findings following the
MR screening examination. There are patients
for whom MR imaging is inappropriate, such as
claustrophobic patients and those with implanted
metal. In these patients CT scanning is the
alternative imaging test.

One important issue is that of supply and demand.
The prevalence of ‘incidental acoustic neuroma’
has been estimated at 2/10,000.* The incidence
of patients presenting to a general ENT clinic with
symptoms that might indicate a CPA lesion has
been reported as nearly 20%.*” Even among those
exhibiting symptoms of asymmetrical hearing
impairment or unilateral tinnitus who have been
referred for investigation, as few as 1% might have
acoustic neuromas.'*** Thus, the large number
of patients ‘eligible’ for investigation generates
waiting list issues in many NHS MR imaging units,
and the low incidence coupled with a high relative
cost of GATTW MR imaging (see Chapter 3) have
contributed to reservations regarding its use as a
first-line (albeit definitive) basis for diagnosis.

Debate therefore surrounds the most efficient MR
imaging protocol to use in screening. Most NHS
units are selecting sequence protocols that balance
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scanner/radiology time with waiting list pressures.
In some centres excessive waiting list times for

MR imaging are influencing clinical decisions

and referral patterns, and selected patients are
undergoing C'T examinations to exclude CPA
space-occupying lesions as the first (and possibly
only) investigation, particularly in elderly subjects
in whom diagnosis of intracanalicular lesions is not
a clinical priority. CT cannot exclude small tumours
within the IAC but, given the low prevalence of

the condition and the reduced cost, this approach
may be cost-effective, providing the majority of
patients do not go on to MR imaging or to develop
tumours.

Other resource savings may be made if medical
staft do not directly supervise the screening
process. Suitable patients can be ‘batched’,
allowing large numbers to be scanned in a given
MR imaging session.”® However, this approach
may not be suitable for older generation or lower
field (< 1T) scanners in which spatial resolution

is insufficient to clearly define the individual
nerves. It may prove necessary to obtain additional
contrast-enhanced T1W images for a small
percentage of patients with equivocal findings on
T2W images or when patient movement leads to
an inability to resolve the individual components
of the nerve complex. For scans that are medically
unsupervised, this requires patients to be recalled.
It should be recognised that radiologists reporting

these scans will have varying degrees of training
and familiarity with imaging this region, and some
may have a preference for and greater confidence
with reporting contrast-enhanced T1W images.

Chapter 2 (see Comparison of the role of different
protocols for MR imaging) summarises the recent
evidence on the effectiveness of different MR
imaging protocols in the investigation of patients
presenting with symptoms that might indicate the
presence of an acoustic neuroma.

Cost-effectiveness

Many studies of the various diagnostic tests and
protocols existing for the detection of acoustic
neuroma have been published. These studies
have shown that the level of cost-effectiveness is
not simply a question of the technology deployed
but also the manner in which it is deployed.
Factors that might be considered to influence cost-
effectiveness include the nature of the technology,
the characteristics of the patients referred for
diagnosis, the test protocol and the skill of those
using the technology.

A review of the literature, addressing the issues
highlighted above, is presented in Chapter 3 (see
Cost-effectiveness review); Chapter 3 (see Cost-
effectiveness model) also explores these issues
further using economic modelling.
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Chapter 2

Clinical effectiveness of imaging
and non-imaging strategies in the
investigation of acoustic neuroma

Introduction

This chapter addresses two specific research
questions:

1. In patients with ASHI and/or tinnitus what
is the diagnostic accuracy of MR imaging
compared with other tests?

2. In patients with ASHI and/or tinnitus what
is the diagnostic accuracy of non-contrast-
enhanced compared with contrast-enhanced
magnetic resonance sequences?

To do so it considers the technologies currently
used as the basis for investigative strategies, and
reports the findings from a systematic review of the
evidence.

First, it considers electrophysiological testing
represented by ABR compared with MR imaging
in terms of diagnostic accuracy and, second, it
reviews the evidence for different protocols based
on MR imaging. Although CT may be used as

an alternative imaging investigation when MR
imaging is contraindicated or unavailable, it

falls outside the scope of this review and is not
considered further.

Methods

Search strategy

The systematic review was designed to identify
evidence that compared the diagnostic accuracy
of MR imaging with all relevant comparators and
to assess the diagnostic accuracy of different MR
imaging strategies. It was not designed to identify
studies that compared any two tests that did not
include MR imaging.

The search terms used and databases searched to
identify articles for possible inclusion in the clinical
effectiveness review are listed in Appendix 1.
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The flow chart in Figure 11 (Appendix 2) details
the number of references found and the exclusion
of irrelevant references at each stage of the

review process. The initial search yielded 13,887
titles, with 12,732 remaining after exclusion of
duplicates. All titles were reviewed by at least two
members of the research team and a further 12,366
references were excluded as not relevant to the
review. The remaining 366 abstracts together with
five titles from the natural history theme that were
identified as being relevant to clinical effectiveness
were sought and 336 were reviewed by the content
experts for the theme (RL, GL, SM); 167 were
considered to be not relevant and two additional
conference abstracts were identified, resulting in
171 full papers sought. Nine full papers were in

a language inaccessible to the research team and

a further two were found to be either a duplicate
or not relevant, resulting in 160 full papers finally
reviewed. A further 104 papers were excluded

at this stage for the reasons given in Figure 11,
Appendix 2, and one paper was identified as
relevant to clinical effectiveness from the natural
history search, resulting in 57 papers being
retained. Finally, 25 further papers were excluded
at the data extraction stage because of relevant data
being insufficiently clear for extraction or analysis,
leaving a total of 32 papers in the review reporting
data from 27 studies. The search was updated to
cover the period October 2006 to August 2008. No
additional papers were identified that contributed
data to the review.

Quality assessment

Papers were assessed for quality using the QUADAS
(quality assessment of diagnostic accuracy studies)
tool. Details of the questions used in the assessment
and the score for each paper can be found in Tables
26 and 27 (Appendix 3).

Inclusion criteria

Papers were included if they met the following
criteria:
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e presented data only on adults over 16 years of
age (or included only a few patients under 16
years of age)

* provided a case definition of at least one of
the following: unilateral sensorineural hearing
impairment (SNHI), ASHI, unilateral tinnitus

* compared an investigative test with MR
imaging

* reported sensitivity/specificity of the diagnostic
test or provided data from which these could
be calculated

* contained adequate data for extraction.

In addition, papers were excluded if they met the
following criteria:

e patients with NF2 could not be excluded
* published before 1990.

Data extraction

The following data were extracted from each
paper:

* author(s) and year of publication

* the country in which the study was undertaken

e the study design — retrospective, prospective

* dates of the study

* source of patients

* number of patients, age and sex distribution

* number followed up

* comparator for MR imaging

* diagnostic cut-off for MR imaging

e diagnostic cut-off for comparator

* additional notes on text protocol

* number of patients presenting with
audiological symptoms including unilateral
or asymmetric hearing impairment, sudden
hearing impairment, tinnitus, vestibular/
balance symptoms, other symptoms

* symptom duration

* location of acoustic neuroma

* size of acoustic neuroma at diagnosis/entry to
the study (mean, median, range, etc.)

* data to populate 2x2 table, number present
or absent on MR imaging, number present or
absent on comparator test

* sensitivity (if quoted or calculable)

* specificity (if quoted or calculable)

* any important additional information or
comments.

Analyses

Data concerning the reference standard and test
accuracy measures (true positives, true negatives,

false positives and false negatives) were initially
extracted into a spreadsheet. When possible

we sought results reported according to the
denominator of the number of patients; however,
some studies only reported their test results using
the number of ears tested as the denominator, so
these data were used instead.

Results are presented and analysed separately for
studies according to the reference test [i.e. ABR or
different MR imaging protocols — fast spin echo
(FSE) or gradient echo (GE) studies]. Sensitivities
and specificities across studies are shown as Forest
plots and statistical heterogeneity assessed using
both the %? and I? statistics.”! To take into account
the low power of the y? test the cut-offs of p <0.1
and I?<50% were used to indicate that the studies
were considered sufficiently homogenous to
proceed with pooling to derive an overall summary
estimate of the test accuracy. Pooled sensitivities
and specificities were calculated according to the
Der Simonian-Laird random effects model.’!
Analyses were conducted using the Meta-DiSc
software.*?

Comparison of the use of
auditory brainstem response
with the use of magnetic
resonance imaging

Introduction

The ABR has been employed extensively in

the past to assist with the differential diagnosis

of cochlear and retrocochlear pathology, and
specifically the identification of acoustic neuroma.
This is demonstrated by the plethora of papers
published in the 1980s and 1990s that examine the
performance of the ABR.

Diagnostic criteria of the ABR waveform

The various peaks and troughs of the ABR
waveform originate from the auditory nerve and
progressively higher nuclei and tracts within the
brainstem as reviewed by Moller.* Using a click
stimulus results in a sequence of components
labelled as waves I-VII, where waves I, IIT and

V are the most robust and are employed as the
main diagnostic components of the response. The
origins of the components of the click-evoked ABR
are as follows (Figure 4):

e wave I — the distal auditory nerve close to the
cochlea
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FIGURE 4 Generators of the auditory brainstem response (ABR) and the ABR waves. (a) A schematic drawing of the presumed
generators of the ABR. BIC, brachium of the inferior colliculus; CIC, Commisure of the inferior colliculus; CN, cochlear nucleus; CP
Commisure of the Probst; GC, Gudden’s commisure; IC, inferior colliculus; LL, lateral lemniscus; MGB, medial geniculate body; NLL,
nucleus of the lateral lemniscus; RE, in reference to; SG, spiral ganglion; SOC, superior olivary complex; TB, trapezoid body. (b) ABR
showing presumed anatomic correlations of major peaks. Note that one anatomic structure may give rise to more than one ABR
wave and, conversely, more than one anatomic structure may contribute to a single ABR wave. From James W. Hall. New Handbook
For Auditory Evoked Responses, |/e. Published by Allyn and Bacon/Merrill Education, Boston, MA. Copyright © 2007 by Pearson
Education. Reprinted by permission of the publisher.
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* wave II — the proximal auditory nerve as it
approaches the cochlear nucleus

e wave III — the cochlear nucleus

* wave IV — the superior olivary complex

* wave V — the lateral lemniscus

e waves VI and VII — the inferior colliculus.

The location of acoustic neuroma usually involves
regions of the auditory nerve beyond the generator
site for wave I. The normality of components
originating more proximally than wave I is
therefore compromised in cases of acoustic
neuroma. For this reason the waves I-11I and waves
I-V interpeak intervals are the main diagnostic
indicators of normality. The wave V component

is the single most robust component of the ABR.
This has resulted in the waves I-V component
being the gold standard measurement and the

one referred to most extensively in the literature.
In some recordings the identification of wave I

can be problematic because of the level of hearing
impairment, and in these cases some reports refer
to the absolute wave V latency. Correction of wave V
latency with respect to hearing impairment can be
applied.* As acoustic neuroma are predominantly
unilateral, the interaural differences in the waves
I-V latency interval and absolute wave V latency
are important, as the ‘normal’ side can be used as
a control for the suspect side. A summary of the
important diagnostic criteria is as follows:

* monaural waves I-III and waves I-V interpeak
latency intervals

* interaural difference of the waves I-V interpeak
interval

* absolute latency of wave V with correction for
hearing impairment

e interaural difference of wave V latencies (ILDV
or I'T%), corrected for hearing impairment.

In addition to the above criteria the total absence
of a recognisable ABR is sometimes seen in acoustic
neuroma. However, the ABR may also be absent
in cases of severe/profound cochlear hearing
impairment (especially at high frequencies) and
so the audiometric status of the patient must be
known to interpret the clinical significance of an
absent ABR. If the patient’s hearing threshold

is greater than 75 dBHL (decibel hearing level)
at 4kHz, for example, an absent ABR is non-
diagnostic; as milder hearing thresholds are
considered, an absent ABR becomes increasingly
suggestive of neuropathy.

It is important to note that the characteristics of
the ABR are also sometimes affected by a range

of different pathologies (e.g. multiple sclerosis,
other space-occupying tumours of the brainstem)
in addition to acoustic neuroma. Interpretation of
the waveform must take this into account in more
complex cases.

Interpretive strategy

It is common practice to define a test’s
performance in terms of sensitivity, the rate of true
positives identified, and specificity, the rate of true
negatives identified. However, these two measures
do not carry equal weight, as the consequences of
a false-negative result (a tumour that is present
but that is missed) are more serious than those of
a false-positive result (identification of a tumour
leading to further testing, with no tumour being
present).

Although the performance of individual ABR
measurements may be known, patients are often
judged using a combination of ABR measurements
that are imperfectly correlated. There have been
very few attempts to construct and evaluate
efficient ABR protocols using a number of
measurements, and the true specificity of most
ABR protocols is likely to be somewhat worse than
clinicians expect.”

Study groups
Reports on the performance of the ABR in

identification of acoustic neuroma cases are almost
exclusively retrospective studies. Patients within

a study group will have had ABR investigation
previously and will have subsequently received
confirmation of the presence of an acoustic
neuroma or not using imaging techniques and/or
during surgery. In earlier ABR reports the imaging
confirmation will be based on CT scanning or
early developments of MR imaging technology
and procedures. This should be considered

when interpreting the results on the diagnostic
performance of the ABR presented by the papers
included in this review.

Results

Sixteen papers met the inclusion criteria for the
review of the use of ABR in the investigation of
acoustic neuroma.

Table 1 lists these studies together with the
demographic details of the participants. The
majority of studies were retrospective reviews
of patients with proven acoustic neuroma and
therefore only allowed quantification of true-
positive and false-negative rates and sensitivity.
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TABLE | Studies included in the review of the role of auditory brainstem response in the investigation of patients suspected of having an

acoustic neuroma

Study Country Date of study
Weiss, 1990% USA 1983-8
Levine, 1991%7 USA 1986-9
Wilson et al., 199258 USA NR
Selesnick and Jackler, 1993%  USA 1986-90
Gordon, 1995¢° USA NR
Chandrasekhar et al., 1995¢'  USA 1988-93
Zappia et al., 1997¢ USA 1988-96
Godey et al., 1998 France 1989-95
El-Kashlan et al., 2000%° USA 1988-97
Haapaniemi et al., 2000% Finland 1992-7
Robinette et al., 2000 USA NR
Marangos, 2001 Germany 1986 to NR
Schmidt et al., 20013° USA NR

Rupa et al., 2003¢’ India NR

Skinner et al., 2003 Italy 1988-2001
Cueva, 2004%° USA NR

n Age of participants (years)
750 NR
27 By size: 2 10mm: 47.6 £ 10.4;

< 10mm + ABR: 47.6+13.3;
< [0mm-ABR: 47.0£9.5

51 NR
126 but only 35 50 (n = 126). By size: < |0mm: 54;
had ABR 10-30mm: 51; > 30mm: 43
105 NR
197 (4=NF2) 48 (SD 12.5) (13-78)
1 47 (18-68)
89 NR
25 NR
41 55
75 NR
261 NR
58 52
90 15-66
426 48.6 (15-79)
312 53.9 (18-87)

NF2, neurofibromatosis type 2; NR, not reported; SD, standard deviation.

Tables 2 and 3 summarise the diagnostic
performance of ABR testing in the investigation
of patients suspected of having an acoustic
neuroma. We have included the available details
of the hearing status of subjects, as severe hearing
impairment has a profound effect on the ability of
the ABR to produce clinically useful results. The
inconsistency of this issue across studies makes

the comparison of reported ABR sensitivities
problematic.

ABR criteria are reported as the values used and
the combination of criteria applied influence both
the sensitivity and the specificity of the test. This
diversity across studies reflects clinical practice.
ABR test performance is therefore likely to differ
from one centre to another. Operator skill in
interpreting ABR results is another important
factor but not one that could be accessed in this
review. One could speculate that the level of
operator skill in centres publishing major studies
might be somewhat higher than average.

Pooled synthesis
The 15 studies that assessed the sensitivity of ABR
against MR imaging were highly heterogeneous

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

(p <0.0001, I?= 88%), ranging from 64% (95% CI
54-72%)%% to 100% (95% CI 40-100%)"" (Figure
5a). Only three studies reported the specificity of
ABR versus MR imaging and these were also highly
heterogeneous (p <0.001, I? = 86%), ranging from
62% (95% CI 49-73%)°" to 88% (95% CI 78-94%)%
(Figure 5b).

Exploration of heterogeneity

A major potential driver of the heterogeneity in
the diagnostic accuracy of ABR is likely to be the
size of the acoustic neuroma. A number of studies
reported their true-positive and false-negative
results separately, according to the size of the
acoustic neuroma. When we stratified the sensitivity
results according to the categories of acoustic
neuroma size, heterogeneity was substantially
reduced and the following trend in pooled
sensitivity results was obtained: acoustic neuroma
size <1.0cm: 79% (95% CI 72-85%), heterogeneity
p-value = 0.98, I?’=32%; acoustic neuroma size
1.0-2.0cm: 95% (95% CI 91-97%), heterogeneity
p-value = 0.46, I? = 0%; acoustic neuroma

size >2.0cm: 98% (95-99%), heterogeneity
p-value = 0.347, I? = 10%. Sensitivity results of the
individual studies are plotted by mean tumour size
categories in Figure 6.
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(@) Sensitivity (95% CI)
@ Chandrasekhar, 1995¢' 0.92 (0.88-0.96)
@— Selesnick, 1993 0.95 (0.82-0.99)
—— Skinner, 2003 0.64 (0.54-0.72)
—@ Zappia, 1997 0.95 (0.90-0.99)
— 1o Wilson, 1992%® 0.85 (0.70-0.94)
e Schmidt, 2001 0.90 (0.79-0.96)
@ Robinette, 2000% 0.92 (0.83-0.97)
Rupa, 20039 1.00 (0.40-1.00)
—— Marangos, 2001 0.64 (0.55-0.72)
@— Levine, 1991° 0.90 (0.73-0.98)
@ Haapaniemi, 2000%* 0.97 (0.86-1.00)
@ Gordon, 1995% 0.88 (0.80-0.93)
— El-Kashlan, 2000%° 0.92 (0.74-0.99)
e Godey, 1998 0.92 (0.84-0.97)
@ Cueva, 2004%° 0.71 (0.49-0.87)
L Pooled sensitivity = 0.85 (0.82-0.87)
2 = 118.93; df = 14 (p = 0.0000)
Inconsistency (I?) = 88.2%
0 0.2 0.4 0.6 0.8 |
Sensitivity
(b) Specificity (95% CI)
Robinette, 2000% 0.88 (0.78-0.94)
Rupa, 20034 0.62 (0.49-0.73)
Cueva, 2004% 0.78 (0.73-0.83)
Pooled specificity = 0.77 (0.73-0.81)
72 = 14.08; df = 2 (p = 0.0009)
Inconsistency (I?) = 85.8%
0 0.2 0.4 0.6 0.8 |
Specificity

FIGURE 5 (a) Pooled sensitivity for |5 studies assessing the use of auditory brainstem response (ABR) versus the use of MR imaging.
The size of the symbol is in proportion to the size and weight of each individual study. (b) Pooled specificity for |5 studies assessing
the use of ABR versus the use of MR imaging. The size of the symbol is in proportion to the size and weight of each individual study. df,

degrees of freedom.
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FIGURE 6 Auditory brainstem response (ABR) sensitivity versus tumour size derived from four studies.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

17



Imaging and non-imaging strategies in the investigation of acoustic neuroma

Discussion
The effects of hearing
impairment on the ABR

The recording of an ABR waveform whose clarity is
sufficient to allow measurements of peak latencies
requires that a well-synchronised action potential
volley be induced in the auditory nerve. This is lost
at low-stimulus intensities or in cases of elevated
high-frequency hearing thresholds (regardless of
site of lesion). In our review of the ABR literature
we noted that some studies excluded those cases

in which a clear (quantifiable) ABR was not seen,
whereas other studies included them. Still other
studies excluded cases in which the subjects’
hearing impairment exceeded a defined value, in
the expectation that a measurable ABR would be
unlikely. Most studies that evaluated the effect of
hearing impairment on ABR included a statement
which suggested that the authors considered that a
quantifiable waveform was not expected if subjects’
hearing thresholds exceeded 70 or 75 dBHL at
4kHz (or an average of two or three frequencies in
the mid- to high-frequency range).

The effects of tumour size on the ABR

A review of the literature shows that the sensitivity
of the ABR is dependent on the size of the tumour.
High levels of ABR sensitivity are reported for
tumours in excess of 1 cm, and several studies®” %62
report values of 100%. However, in some cases

this is achieved by classing no ABR as a positive
finding, which results in relatively low levels of
specificity. There is a significant reduction in ABR
sensitivity for smaller tumours (< 1cm). Values
range from as low as 58% up to 92%.% In the
work by El-Kashlan and colleagues® this fairly high
level of sensitivity again results from classing no
ABR as a positive finding.

Because several studies provided ABR sensitivity
data for tumours of less than 1 cm, between 1

and 2 cm and more than 2cm, we were able to
establish indicative sensitivities of 79%, 95% and
98% respectively. Thus, ABR provides a clinically
acceptable sensitivity for medium to larger
tumours but is not able to reliably identify small
(often intracanalicular) tumours. One observation
made®®! was that the presence of a normal ABR
waveform (indicating good functional integrity

of the nerve) was a good prognostic indicator for
hearing preservation, given an appropriate surgical
approach.

Role of the ABR in screening
for acoustic neuroma

In the 1980s and 1990s the ABR became popular
as a cost-effective initial screen for patients
considered at risk of an acoustic neuroma, its
performance being judged in the light of the size
of tumours then being detected radiologically
(typically over 1cm). However, the advent of
gadolinium-enhanced MR imaging in the late
1980s and the subsequent development of non-
contrast MR imaging has allowed much smaller
tumours to be detected, leading to improved
surgical outcome and hearing preservation.™

The current aim of screening for acoustic neuroma
is to detect tumours at an early stage when they are
relatively small. This is a challenge for the ABR in
view of the relatively low sensitivities reported for
small tumours. The performance of the ABR for
larger tumours is clinically more acceptable, but it
is expected that identification of acoustic neuroma
will be achieved before this stage. Application of
ABR as a screening tool is therefore limited for the
general population of patients when compared
with the MR scan, particularly as the mean size at
diagnosis is now 10 mm (see Chapter 4, Growth).

There are some situations in which MR imaging
might not be possible or might be contraindicated.
Alternative strategies, including ABR, may have a
role to play in the following scenarios:

* in patients who are unable to routinely
undertake an MR scan because of
claustrophobia (2.8-4.0%);*** in such cases
the use of sedation or a general anaesthesia, or
an open MR imaging system or CT; could be
considered as an alternative imaging strategy

* when physical limitations limit access to the
scanner, such as severe obesity (1 in 1139 and 2
in 913);*+% imaging on an open MR scanner or
CT may be possible in these patients

* in patients with metallic implants, pacemakers,
etc. (21n 1139)*

* when access to an MR scan is limited because
of time constraints and waiting times.

Maodifications of the ABR

One research group has developed a modified ABR
method that seeks to make the ABR sensitive to
small (< 1c¢m) acoustic neuroma.” The so-called
‘stacked ABR’ claims to allow the involvement

of nerve fibres of all frequencies (rather than

just the high-frequency fibres upon which the
standard ABR relies), thus making it more

sensitive to selective effects of even small acoustic
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neuroma. However, this method requires specialist
equipment, demands a high level of operator skill
and takes substantially longer than the standard
ABR. Initial reports of the sensitivity of the stacked
ABR for small tumours have been encouraging but
further and independent studies are needed before
it becomes clear whether it is a viable clinical tool
worthy of routine clinical implementation.

With a similar aim, Bush and colleagues™ have
explored the use of another index to improve

the detection rates in smaller acoustic neuroma.
Their method evaluates the difference between
the behavioural and electrophysiological (ABR)
thresholds, which they show to be abnormally
large in acoustic neuroma. In a small series (seven
acoustic neuroma cases, four of which had tumour
diameters of 5mm or less) the technique gave

a positive result. Further studies will determine
whether this method delivers the promise
suggested by this study.

Role of other techniques in

screening for acoustic neuroma

In the past, audiovestibular investigations have
been employed to assist with the identification

of acoustic neuroma. These tests have included
stapedius reflex threshold, threshold tone decay,
speech audiometry, alternate binaural loudness
balance, otoacoustic emissions (OAE) and caloric
testing. In early papers the value of these tests
has been investigated with respect to ABR, CT
and early MR imaging technology. A prospective
study by Ferguson and colleagues'? showed that
audiovestibular tests had sensitivities in the range
of 45-85%, with caloric testing highest at 85% and
speech discrimination lowest at 45%. Specificities
were in the range of 66-90%, with alternate
binaural loudness balance at 90% and caloric
testing at 66%. The conclusion from this study was
that the performance of audiovestibular tests as
screening tools was limited when compared with
the ABR. However, Haapaniemi and colleagues®
confirmed earlier reports that there is a positive
relationship between the size of an acoustic
neuroma and a decrement of caloric function.

Evoked OAE can be employed to assess outer

hair cell activity. In some acoustic neuroma cases
cochlear hair cell function can be preserved

such that an OAE will be present, in contrast to
conductive and cochlear losses in which a hearing
impairment of greater than 30 dB will result in

an absent emission. However, Quaranta and
colleagues™ showed that only 18 of 47 patients
(38%) with acoustic neuroma had an OAE present,
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which demonstrates the limitation of the technique
as a screening tool. In cases with absent OAE

the hair cells will have been compromised by the
tumour.

Prasher and colleagues?' reported absent transient-
evoked otoacoustic emissions (TEOAE) in 19

of 26 patients with acoustic neuroma (73%};

in all patients in whom TEOAE was absent, a
hearing impairment of 40 dBHL or greater was
present, and this was assumed to be cochlear

in origin. Telischi and colleagues™ undertook
distortion product otoacoustic emission (DPOAE)
measurements in 44 patients with unilateral
acoustic neuroma. On the basis of the presence

or absence of the DPOAE, 26 (59%) tumour ears
were classified as having a cochlear loss, 13 (30%)
as retrocochlear (DPOAE recorded in the presence
of a hearing impairment >40dB) and five (11%)
as mixed. Ferber-Viart and colleagues™ attempted
TEOAE recordings in 168 ears with acoustic
neuroma, and in 79% were not able to demonstrate
good cochlear function, thus indicating a cochlear
dysfunction in addition to the tumour. Ferguson
and colleagues™ were unable to evoke TEOAE

in 78 patients of a series of 100 with unilateral
acoustic neuroma. The various mechanisms by
which cochlear dysfunction may be involved in
tinnitus generation are described in Chapter 4.

Comparison of the role
of different protocols for
magnetic resonance imaging

Introduction

Magnetic resonance imaging provides images of
the brain and skull without the use of ionising
radiation. When a patient is placed into an MR
scanner all of the protons in the body align in
the same direction due to a powerful background
magnetic field. Radiofrequency pulses are then
emitted by the scanner, which cause the protons
to resonate and deflect coherently to various
degrees. As the protons return to alignment with
the background magnetic field, they lose spin
coherence (dephase) and release a signal that is
detected and then processed into a medical image.

The main factors that influence the amount of
signal released by tissue are the proton density
and the longitudinal (T'1) and transverse (12)
relaxation time constants. The T1 relaxation
time is a property of a material and describes the

profile of the distribution of energy back to the
19
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Contrast-enhanced (Gd) \
imaging

enhanced (without Gd)
imaging

High-resolution non-contrast J

P Gradient echo

Fast spin echo (FSE)
P Spin echo
Turbo spin echo (turbo)

P GATIW
CISS
True FISP
—> T2*W
FIESTA
bFFE

—p T2W

FIGURE 7 Currently used MR imaging protocols. bFFE, balanced fast field echo; CISS, constructive interference in the steady state;
FIESTA, fast imaging employing steady-state acquisition; true FISP true free induction with steady-state precession; Gd, gadolinium;
GdT W, gadolinium-enhanced T |-weighted imaging; T2W, T2 weighted; T2*W, T2 star weighted.

surrounding tissues. The T2 relaxation time is
also a material property and characterises the loss
of coherent signal as energy is passed between
adjacent protons and their spins desynchronise.
The 12 star (1T2*) describes the loss of energy in

a non-uniform magnetic field; although similar

to the dephasing T2 process, the T2* is not a
property of the sampled material but is dependent
on the characteristics of the MR imaging system.

Gadolinium is a paramagnetic material and is
used as a contrast agent in MR imaging. It has

the effect of shortening the T'1 time of a tissue
resulting in increased signal on T1W images. An
enhancing object, such as an acoustic neuroma,
‘stands out’ against the background lower signal of
cerebrospinal fluid (CSF) and brain tissue.

The data acquired during an MR imaging sequence
are presented as an anatomical image, or ‘slice’, in
one of three orientations: axial, coronal or sagittal.
Data acquired as a three-dimensional volume can
be reviewed on a workstation and evaluated from
any slice orientation using multiplanar reformat
(MPR) software.

The images are weighted to distinguish tissues

by their differing T1, T2 or T2* properties, so
that, for example, CSF will appear bright and
cranial nerves will appear dark on T2W or T2*W
images. There are many acronyms for the different
sequences (see List of abbreviations), summarised
in Figure 7. In the following text, gadolinium-
enhanced T1W sequences will be referred to

as GdT1W images; T2W sequences and T2*W
sequences will be referred to as T2W, T2*W or
high-resolution imaging without gadolinium.

Over the last two decades, advances in computer
processing speeds, data storage capacity and

materials technology have been applied in medical
MR imaging, resulting in the development of MR
imaging equipment and scanning sequences that
have delivered incremental improvements in image
quality, acquisition and processing times.

The advances have been associated with the
following benefits:

e shorter image acquisition times (patient
comfort, faster turnover, shorter waiting lists)

e faster/in-time data processing (images available
immediately, reduced post processing time)

* higher spatial/contrast resolution (improved
image quality, enhanced diagnostic confidence,
improved accuracy, reduced requirement for
GdT1W images, reduced recall rate, reduced
scan time and cost)

e reduced gadolinium usage (reduced radiologist
time commitment and costs; the use of high-
resolution three-dimensional T2W or T2*W
sequences that do not require gadolinium
allows services to arrange unsupervised out of
hours/weekend scanning in batched lists, with
improved efficiency).

In addition to advances in MR technology there
has been a significant expansion in the number
of MR scanners in England and Wales, supported
by the New Opportunities Fund cancer initiative.
Government initiatives have aimed to improve
access to MR imaging (wave 1 and 2 outsourcing,
18-week wait).”

The infrastructural improvements described have
helped address limited access to MR technology
and the cost of MR service delivery. In light of the
technological and infrastructural changes over

the last decade, the role of investigation protocols
incorporating other screening techniques that have
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previously been justified on the basis of limited
clinical access to, and efficacy and cost of, MR
imaging need to be re-evaluated.

Shortly after the clinical introduction of MR
imaging, the GATTW MR sequence was agreed

to be the ‘gold standard’” diagnostic test for the
detection of acoustic neuroma when compared with
the established axial imaging technology, CT."*7®

As MR technology evolved, GAT1W images were
compared with a variety of sequences without
gadolinium. Early studies evaluating high-
resolution three-dimensional GE techniques for
the acquisition of both T1W and T2W images

were limited by magnetic susceptibility artefacts
that reduced spatial resolution and decreased the
signal-to-noise ratio. The IAC is especially prone to
this artefact because of the close proximity of soft
tissue structures, bone and air.”

An early paper in 1993% describing the
constructive interference in the steady state
sequence (CISS; a three-dimensional GE technique
that nulls the effect of CSF motion, thereby
improving nerve/CSF discrimination) on a 1-T
magnet using a standard head coil showed very
promising results in a small selected population.
The individual nerve branches in the IAC could
be identified in 90-95% of cases and the cochlea
and vestibule were well demonstrated, with the
vestibular aqueduct visible in 75% of cases. Disease
extension into the vestibule was documented.

The paper did not contain extractable data on
sensitivity and specificity and false-positive and
false-negative rates.

In practice, two-dimensional T2W FSE or turbo
spin echo (TSE) sequences had the advantage
of reduced sensitivity to susceptibility artefacts
and developed an early lead in the literature,
demonstrating improved visualisation of
normal and pathological processes involving
the IAC and CPA. The scan acquisition time was
reduced compared with conventional spin-echo
sequences.®!#?2

This section reviews the literature on the
comparison of high-resolution imaging without
gadolinium (T2W or T2*W) with gadolinium-
enhanced imaging (GdT1W).

Results

Eleven papers were considered in the review of
different protocols of investigation using MR
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imaging. All of the included studies were diagnostic
comparative studies comparing a non-contrast-
enhanced MR sequence with the accepted gold
standard GdT1W sequence. They are summarised
in Table 4.

Assessment of the value and quality of the studies
is dependent upon the methodology used. The
results of the formal quality assessment are detailed
in Table 27 (Appendix 3). Table 5 summarises the
methodology of the observation protocol for each
of the 11 studies.

Values of sensitivity and specificity for the various
high-resolution imaging without gadolinium
protocols compared with gadolinium-enhanced
imaging were systematically recalculated for the
data presented when possible and are presented in
Table 6. Further detail is provided in 2x2 tables in
Appendix 5.

Pooled synthesis

Although the sensitivities were found to be
relatively homogeneous (T2W: p = 0.34, I? = 11%;
T2*¥W: p=0.19, I? = 40%), specificities were highly
heterogeneous (T2W: p <0.0001, I* = 89%). The
pooled test sensitivity for the T2W reference was
98% (95% CI 94-99%) and for the T2*W reference
it was 96% (95% CI 86-99%). The specificity of
the T2W studies ranged from 90% (85-94%)*® to
100% (91-100%).% For the T2*W studies specificity
ranged from 86% (75-93%)% to 99% (98-100%)%
(Figures 8 and 9).

Compared with the gold standard of GdT1TW

MR imaging, the high-resolution non-enhanced
T2W and T2*W sequences appear to have good
test accuracy as assessed by both sensitivity and
specificity. The level of test specificity was found
to be heterogeneous across the included studies in
this review.

In such analyses the pooled effect may change if
poorer quality studies are excluded. The number
of studies included in these analyses was not large
enough, nor did the studies differ sufficiently in
quality (see Appendix 3) to make such a direction
of analyses useful.

Evolution of MR technology subsequent

to the evidence reviewed

During the 1990s progressive improvement of
two-dimensional and then three-dimensional
T2W or T2*W sequences acquired without Gd
allowed researchers to question the requirement
for GAT1W imaging in all cases, on the basis of
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TABLE 5 Methodology of included studies

Blind to
Number of Number of observations Independence results of
Study Index test observers (earsxobserversxobservations)  of observers other tests
Allen et al., 2D FSE Four 400 Y Y
19968
Stuckey et al., 3D CISS Two 250 Y Y
19965
Soulié et al., 2D FSE Two 110 NR N
19978
Hermansetal., 3D CISS Two 664 Y Y
19978
Naganawa, 3D FSE Two 820 Y Y
1998¢%¢
Held et al., 3D CISS Three All had AN N N
199987
Marx et al., 2D FSE One 50 Y N
199988
Schmalbrock et 3D GE One 42 Y N
al., 1999%°
Zealley et al., 2D FSE Twoineach 2466 Y N
2000* of three
centres
Annesley- 2-and 3D FSE  Three 1026 Y NR
Williams,
20013
Ben Salem, 2D GE Two 380 Y Y
2001%°

AN, acoustic neuroma; N, no; NR, not reported; Y, yes.

improved image quality, diagnostic accuracy and
time/cost savings.”"%

Reports subsequent to 1998 have compared
T2W with T2*W sequences for specific attributes
that improve acquisition time, acoustic neuroma
detection or characterisation. These papers were
not included in the analysis on the basis that

the sequences were not specifically evaluated for
performance of acoustic neuroma detection by
comparison with a GAT1W sequence. Selected
references have been included as part of a short
narrative review to document advances in imaging
technology that have been applied to clinical
practice subsequent to the data evaluated in the
systematic review.

The time advantage of using an ultra-long
echo train length (ETL) and half-Fourier three-
dimensional FSE to acquire images with high
spatial resolution in less than 3 minutes was

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

reported by Naganawa in 1998.*° The advantage
of high-resolution 1T2W imaging in identifying

the path of the VIIth nerve in relation to acoustic
neuroma compared with the limited spatial

and contrast resolution of GdT1W imaging

was illustrated by Sartorelli-Schefer et al.” The
improvement of image quality, due to reduced CSF
flow artefact and shorter imaging time, by the use
of a driven equilibrium radio frequency reset pulse
(DRIVE) in adjunct with a T2W three-dimensional
TSE sequence was reported by Ciftci et al. in 2004.%*

T2*W sequences, including balanced fast field
echo (bFFE), fast imaging employing steady-state
acquisition (FIESTA), or true free induction with
steady-state precession (true FISP), have also
become standard internal auditory meatus (IAM)
sequences in clinical practice. These sequences use
very short repetition times and balanced gradients
to generate steady-state free precession. They use

signal from free induction decays, spin echoes and 23
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Sensitivity (95% CI)

Allen, 1996% 0.98 (0.93-1.00)
— Soulie, 1997% 1.00 (0.86-1.00)
Marx, 1999% 1.00 (0.72-1.00)
— Zealley, 2000* 0.97 (0.84-1.00)
@ Annersley Williams, 20013 0.80 (0.28-0.99)
Pooled sensitivity = 0.98 (0.94-0.99)
L ¥ =4.47; df = 4 (p = 0.3463)

Inconsistency (I?) = 10.5%
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Sensitivity
Specificity (95% CI)
Allen, 1996% 1.00 (0.98-1.00)
Soulie, 1997% 0.93 (0.85-0.97)
Marx, 1999% 1.00 (0.91-1.00)
Zealley, 2000 0.95 (0.94-0.96)
Annersley Williams, 20013® 0.90 (0.85-0.94)
Pooled specificity = 0.96 (0.94-0.96)
x* = 32.71; df = 4 (p = 0.0000)
Inconsistency (I?) = 87.8%
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FIGURE 8 Pooled sensitivity and specificity for T2-weighted reference studies. The sizes of the symbols are in proportion to the size and
weight of each individual study. df; degrees of freedom.

Sensitivity (95% CI)

. Stuckey, 1996 0.98 (0.92-1.00)
. Hermans, 1997% 0.98 (0.93-1.00)
Naganawa, 1998% 1.00 (0.86-1.00)

Pooled sensitivity = 0.98 (0.95-0.99)
2e, ¥’ = 4.47; df =2 (p = 0.4841)
Inconsistency (I?) = 0.0%

0 0.2 0.4 0.6 0.8 |
Sensitivity
Specificity (95% CI)
Stuckey, 1996 0.96 (0.92-0.98)
—— Hermans, 1997%° 0.86 (0.75-0.93)
) Naganawa, 1998% 0.99 (0.98-1.00)
Pooled specificity = 0.97 (0.95-0.98)
¥ = 27.83; df =2 (p = 0.0000)
Inconsistency (I?) = 92.8%
0 0.2 0.4 0.6 0.8
Specificity

FIGURE 9 Pooled sensitivity and specificity for T2-star-weighted reference studies. The sizes of the symbols are in proportion to the size
and weight of each individual study. df, degrees of freedom.

stimulated echoes to generate images with a high The contrast in T2*W images is dependent on the

signal-to-noise ratio. T2/T1 ratio and CSF, which has long T2 and T'1
relaxation times, returns a high signal intensity
and outlines normal structures, which return a




DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

lower signal. Balanced gradients also result in flow
compensation and reduce image degradation by
CSF flow.”

Some groups prefer TSE (12W) to GE (12*W)
sequences because of their reduced degradation by
magnetic susceptibility artefact. However, magnetic
susceptibility is an inherent tissue parameter that
cannot be completely avoided and occurs with both
sequence types. Three-dimensional TSE sequences
with a long ETL have very short acquisition times
but are susceptible to blurring, depending on ETL
and k-space trajectory.”

The sequences used in current practice allow
reliable acquisition of three-dimensional T2W or
T2*W data sets that can be interrogated from any
orientation using a submillimetre slice thickness
on a workstation immediately after the study.
Sequence selection is based on the equipment
available and operator preference.

Discussion
Allen et al., 1996%

This study selected pathologically proven acoustic
neuroma cases thereby facilitating validation of
the gold standard reference test (GAT1W) but
introducing a selection bias compared with a
screening population.

Four neuroradiologists were blind to the clinical
data and GdT1W results and used an observer
confidence rating (1, ‘definitely not present’, to 5,
‘definitely present’), with scores 1-3 representing a
negative test and 4 and 5 a positive test.

There was good agreement (no statistical difference
using k-coefficients) between FSE and GdT1W MR
imaging, but case selection could have facilitated
the excellent performance of the index test. The
authors’ conclusion that two-dimensional FSE was
a cost-effective alternative to GAT1IW MR imaging
should be treated with caution.

The findings of two false-negative index test

results and one false-positive result were not
regarded as significant compared with the large
number of observations in the study. The authors
did not develop a discussion of the implications

of indeterminate results, or the influence of the
diagnostic threshold on sensitivity/specificity, but
instead commented that, at the time of publication,
the slice thickness of acquisitions had reduced from
3.0 to 0.8 mm, making a significant miss even less
likely.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

The authors commented that clinicians at their
institution had abandoned impedance testing and
brainstem-evoked responses in favour of limited-
cost high-resolution MR imaging if an audiogram
suggested the possibility of acoustic neuroma.
They also commented that a negative MR test
result would result in transfer back to the primary
care provider rather than clinic follow-up. This
documents a significant practice shift away from
the routine use of the ‘gold standard’ test, based
on case experience at the centre and the existing
literature quoted in the paper.

Stuckey et al., 1996%

This study emphasised the potential benefit

of a high-resolution CISS sequence in which
supplementary GdT1W imaging would be required
only if the CISS imaging was suboptimal, equivocal
or positive, or if an abnormality on whole brain T2
imaging required further characterisation.

The study included a recognised selection bias due
to variable application of CT and non-imaging tests
to the same cohort, with patients often referred

for MR imaging to clarify existing findings. The
authors acknowledged that this bias resulted in the
high incidence (14%) of acoustic neuroma in this
screening population.

A normal appearance was defined by the ability
to identify normal-sized VIIth and VIIIth

nerves clearly throughout their course, with no
evidence of a mass lesion. The two independent,
blinded observers graded the images as optimal,
suboptimal but adequate, or inadequate and
interpreted the images as normal, indeterminate
or abnormal, with the latter two categories
constituting a positive result. Each interpretation
was rated with a subjective confidence score of low,
moderate or high.

False-positive observations were caused by nerve
clustering and/or a small IAC. Differences in
observer performance (not confirmed statistically)
were possibly related to experience and non-
availability of MPR facilities. The authors
commented that a high false-positive rate would
have increased the necessity for GATTW imaging
and costs.

The single false-negative interpretation was the
result of ‘satisfaction of search’ (identifying an
obvious lesion in the opposite CPA) and the missed
lesion having a homogeneous, relatively high
signal intensity on the CISS sequences, resulting
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in reduced conspicuity compared with CSF in the
IAC.

Although the study did not evaluate the role

of GAT1W screening, the authors commented
that omitting these sequences could result in
missing lesions with no mass effect such as nerve
enhancement associated with inflammatory
lesions of the labyrinth or cranial nerves, or
leptomeningeal sarcoidosis, metastasis or
lymphoma. They commented that the incidence
of such significant pathologies was very low and
that the implications of missing more benign
pathologies such as labyrinthitis were minimal.

The authors concluded that three-dimensional
CISS was a sensitive test that could reasonably be
used alone if gadolinium was contraindicated. They
advised further evaluation before advocating the
sequence as a stand-alone screening test.

Soulié et al., 1997%

Normality was defined as a high CSF signal in the
IAC and nerves visible; uncertain cases, in which
the nerves could not be clearly identified, were
classified as positives.

False-positive results were the result of recognised
limitations of the technique (narrow IACs and CSF
flow artefacts) and the authors proposed that these
would be addressed by the future introduction of
three-dimensional FSE scanning with submillimetre
slice thicknesses.

The authors emphasised that the criteria set for
normality of high-resolution T2 images were
strongly predictive of normality on the GdAT1W
images and could rule out acoustic neuroma in
73% of their patients. The data were supportive
of this and provided further support for non-
contrast high-resolution screening although the
methodology was flawed.

The authors recognised selection bias in their
population, excluding patients with pathologies
that would obligate GAT1W sequences (history

of malignancy, human immunodeficiency virus,
cranial neuropathy or middle ear disease); however,
the prevalence of these conditions is low in the
screening population and this bias was likely to be
less significant than the methodological biases also
acknowledged by the authors. For these reasons
they did not advocate abandoning the GAT1IW
sequence for screening patients but proposed

that this should be considered given the time/cost
savings that might be involved.

Hermans et al., 1997%

The independent, blinded observers looked for
abnormality, defined as nodular low signal relative
to CSE, and scored the degree of confidence on a
five-point scale. They also documented any cause
of uncertainty related to artefact or a technical
limitation of the examination.

Test specificity values quoted were calculated

on the basis of the number of ears examined. If
recalculated on the basis of the number of patients,
test specificity falls from 97% to 86% (see 2x2
tables in Appendix 5)

The authors commented that identification of the
nerves in the IAC was not a prerequisite in the
study and that making it so would have reduced
the specificities obtained. This interpretive bias
partly compensated for the fact that volume
averaging, which was recorded as the most frequent
cause of uncertainty, could have been reduced if
the observers had been able to review MPR on

a workstation. This facility, which might have
improved specificity, was not available.

The authors explored the consequences of varying
the diagnostic threshold for the test. When

the operating point was set at a level felt to be
equivalent to the operating point for screening,
the quoted sensitivities and specificities were
achieved. At this point the screening service
would miss tumours in 2/18 cases and recall 9/65
negative cases for reimaging unnecessarily. At the
more lenient operating point (including ‘probably
negative’ cases), 0.5/18 cases would be missed (the
intralabyrinthine tumour was scored ‘definitely
negative’ on one occasion) and 34.5% of the
patients would require GdT1W imaging.

The authors recognised the potential measurement
bias in the study and commented that the
significance of missing the smallest IAC tumours
would depend on the natural history of that
tumour and the clinical consequences of the miss.
They did not discuss the cost implications of
reduced test specificity (increased GdT1W usage),
but they did discuss potential causes and the
implications of a false-positive reference test (none
were noted in the study though).

Naganawa, 1998%

The high-resolution technique resulted in very
high-quality imaging in the hands of these
investigators, with a false-negative rate of zero.

The improved spatial resolution also permitted
identification of labyrinthine pathologies that could
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explain the presentation in 13 ears (eight patients,

4%).

Although the quality of imaging was high in this
study, the acquisition time was long (11 minutes)
and the technique was not available/relevant to the
screening population at the time. The potential of
high spatial resolution imaging to minimise false-
negative test results was an important observation
and the authors did recognise that false negatives
may arise from a larger study population.

The false-positive rate was low but the significance
of false positives was not considered, the authors
commenting that they would be verified by GAT1W
imaging.

Held et al., 1999%

The authors’ conclusions that CISS provided better
nerve attribution and improved evaluation of
labyrinthine involvement in a screening population
may be subject to selection and measurement
biases.

The authors recognised this limitation by
commenting that all cases in their institution
would continue to undergo both three-dimensional
CISS and three-dimensional GAT1W imaging
routinely. They also acknowledged the time-
penalty implications of workstation review of three-
dimensional T2*W and three-dimensional GdTTW
datasets, which was not a time-effective approach
compared with conventional two-dimensional
GdT1W imaging at the time.

Marx et al., 1999%

The single independent but unblinded reviewer
defined the results as positive, indeterminate or
negative, but evaluation of the image quality of
the index and reference test was subjective. The
sensitivity and specificity of the index test were
each 100%, there were no indeterminate readings
and the two-dimensional FSE images were felt to
be as good as the reference images in all cases.
These results and the authors’ conclusion that FSE
MR imaging was an excellent choice as a screening
test for acoustic neuroma should be viewed with
caution, given the lack of detail on subject selection
and lesion measurement.

The authors intended to demonstrate the accuracy
of two-dimensional FSE imaging using ‘readily
available hardware’, and, although the results do
not justify the conclusions, the intention recognises
that a screening test has to be deliverable at a
community rather than at a tertiary level. The
authors emphasised that the sequence could be
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acquired at low cost without purchase of specialised
hardware.

The authors also commented that FSE provided
better evaluation of acoustic neuroma in the lateral
IAC (although they did not evaluate this point)
and that, ultimately, dropping GdT1W sequences
would eliminate the confusion generated by a false-
positive reference test.

Schmalbrock et al., 1999%

The patients were prospectively selected from

a cohort undergoing surveillance imaging or
postoperative follow-up. Selection of pathologically
proven acoustic neuroma cases facilitated validation
of the gold standard reference test (GdT1W)

but introduced a selection bias compared with a
screening population, as did inclusion of eight
patients with NF2.

The researchers were interested in clear
demonstration of the outline of nerves in CSF, in
attribution of a lesion to a nerve of origin and in
accurately defining a lesion outline so that growth
could be characterised. These objectives recognised
the requirements for ‘watch and wait policies’ (for
over 65-year-olds in their practice) and for accurate
follow-up post surgery or radiosurgery.

The images were evaluated by a single unblinded
radiologist. Grading scales were used to evaluate
tumour conspicuity and contrast. Tumour volume
measurements were calculated ‘offline’ on a
workstation by a neuroradiologist using manual
tracing and computed summation. The volumes on
the three-dimensional GE sequence were assessed
first to avoid biasing by the reference test. This
was time-consuming and would not have been
applicable to the screening population as a cost-
effective technique.

Very small lesions were identified (0.05cm?) and
the cochlear, vestibule and semicircular canal were
all clearly demonstrated on the three-dimensional
GE sequence but not on the three-dimensional
GdT1W sequence. The number of small lesions

in the study provided supportive evidence of the
applicability of the index test to the screening
population.

The index test was shown to be highly sensitive and
specific, even in small (< 5mm) acoustic neuroma.
The three-dimensional GE sequence was better at
defining tumour outline with CSF (but not brain)
and better at identifying the related nerves. Cystic
tumour components were harder to distinguish
from CSF on the index test, but cystic, necrotic or
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haemorrhagic components were better defined by
the index than the reference test.

The authors emphasised the importance of

the very high spatial resolution required for a
screening test if subtle nerve pathologies were to be
detected without the use of GAT1W imaging, and
commented that achieving a slice section thickness
comparable to, or less than, the width of a cranial
nerve would allow this to be achieved in practice.

Evidence from the study did support the use of
both the index and the reference test sequences to
provide optimal evaluation of acoustic neuroma
post treatment.

Zealley et al., 2000*
A criterion for normality in this study was clear
visualisation of the VIIth and VIIIth nerves, but

further specific criteria for abnormality were not
defined.

The authors discussed different screening strategies
including FSE alone, GAT1W alone, FSE with
GdT1W in selected patients and FSE plus GAT1IW
imaging in all patients. Their preferred strategy
was the last, on the basis that the strengths/
weaknesses of both sequences were complimentary
and the approach would not require supervised
image review or delayed recall of patients.

The authors’ conclusions were strongly influenced
by the relatively high percentage of tumours (44%
overall) that were not allocated to the ‘definitely
tumour’ group in their study. They did not explore
the implications of varying the diagnostic threshold
of the test on test performance or of individual
operator performance on test results.

The results presented in Appendix 5 were extracted
from the data presented in the paper. If the
diagnostic threshold is set at a level appropriate to
a population screening test (including ‘uncertain’,
‘probable acoustic neuroma’ and ‘definite acoustic
neuroma’ categories as a positive result), test
sensitivity is 97%, specificity is 95% and there
would be 32 true-positive, one false-negative, 57
false-positive and 1143 true-negative results in the
population of 1233 patients screened.

If an ‘FSE alone’ policy had been followed using
the suggested ‘screening threshold’, 1144 patients
would have not required GAT1W imaging with
one false-negative result. In addition to the 32
proven cases, only 57 would have required GdT1W
imaging to confirm their false-positive status.

The published results would appear to support

an ‘FSE alone’ policy with this selected diagnostic
threshold.

If the threshold is moved to include ‘acoustic
neuroma probably not present’ as well, test
sensitivity becomes 100% but specificity falls to 61%
and there are 473 false-positive results with 506
patients requiring GAT1W imaging to characterise
the tumour or confirm the false-positive status.
This represents a significant cost to exclude one
false-negative result in the population.

The range in the percentage of FSE scans correctly
allocated to ‘definitely normal’ (44-77%), and

the moderate correlation for interobserver score
allocation, was an illustration in practice of the
potential implications of variation in image
quality, operator experience and confidence.
Variable image quality and operator experience
could increase or reduce the number of patients

in the uncertain categories and therefore the
performance of the screening test.

Two cases of labyrinthine enhancement (2/1233)
were detected in the screening population. These
were not characterised or discussed.

Annesley-Williams, 20013

This study excluded patients from the results
analysis when the reference test was graded
inadequate. This resulted in 52 (15%) of the two-
dimensional cases and 16 (9.25%) of the three-
dimensional cases being excluded. The author
stated that they would have recalled these cases
for GAT1W imaging and so, in the context of
evaluating the FSE sequence as a screening test,
these should have been regarded as false-positive
results. As a consequence, the sensitivity and
specificity calculable for the two-dimensional and
three-dimensional FSE sequences in Appendix 5
differ from those quoted in the original paper.

The author rightly comments that the two-
dimensional FSE sequence was accurate in
detecting acoustic neuroma in the IAC (20/20
detected), providing image quality was adequate.
However, the recalculated false-negative and
false-positive rates for the two-dimensional FSE
sequence illustrate the limitations of this sequence
in practice at the time, with the inability to detect
lesions as filling defects in the labyrinth and a
relatively higher number of inadequate scans
because of the inability to define nerve roots in the
IAC on 3-mm sections.

Despite the biases described, the results suggest
that the performance of the index test in practice
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improved after the introduction of the three-
dimensional FSE sequence, with no false-negative
results reported for tumour, and a reduced
indeterminate scan rate. The author commented
that they had expected a more significant reduction
in inadequate rates using the three-dimensional
TSE sequence with 1-mm slices; however, they
suspected that the scan time of 8 minutes was
associated with increased movement artefact.

The author advocated confirmation of all
pathological cases with GdT1W imaging to avoid
surgery on false-positive cases and discussed

the role of GdT1W imaging in detecting subtle
intralabyrinthine tumours and other inflammatory
lesions. They speculated that, with improved
acquisition times, the image quality of three-
dimensional FSE might improve to a level at
which it was possible to detect intralabyrinthine
schwannoma. They also highlighted the potential
value of detecting such lesions reliably with GAT1W
imaging, facilitating appropriate management of
patients with possible NF2.

Ben Salem, 2001°°

Two radiologists were blinded but reviewed

the images jointly, first the index and then the
reference test. Only five of the 19 acoustic neuroma
were 5 mm or smaller, but the smallest (2.5 mm) was
detected. Sensitivity and specificity were excellent
and there were no false-negative and only 15 false-
positive readings.

The author acknowledged a selection bias in their
population resulting in the high incidence (10%) of
acoustic neuroma.

Quality of the included papers

Appendix 3 details the results of the application
of the QUADAS tool to the selected studies. The
following discussion gives a narrative summary of
these conclusions.

All of the selected studies set a clear research
question and were either prospective or
retrospective case—control studies; 6/12 studies
included a spectrum of patients that was
comparable with a screening population.-4481-86.90

None of the selected papers specified inclusion
and exclusion criteria for patients and only four
described the subjects’ symptoms explicitly.***” The
papers in which the study population was most
comparable with the screening population included
consecutive series of patients with appropriate
Symptoms.38,44,84—86,90
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All of the papers compared an index sequence with
the reference test, GAT1W imaging, and applied
both the index and the reference tests to all cases,
without a delay between acquisitions. Although all
patients underwent GdT1W imaging, three series
employed three-dimensional T1W sequences with
MPR with submillimetre slice thickness®**7% rather
than two-dimensional T1W sequences with 3-mm
axial slices. This is unlikely to have influenced the
sensitivity of the index test with regard to lesion
detection (but does raise the theoretical possibility
of a false-negative result for the lower resolution
reference test).

Acquisition of the index test was independent

of the reference test in all cases, and all studies
described the execution of both index and
reference tests in sufficient detail for other
investigators to replicate them. The index

test was interpreted without knowledge of the
results of the reference standard in eight out of

12 studies.?84181-83.858688 The reference test was
interpreted without knowledge of the results of the
index test in five out of 12 studies.?!:82:8%86.88

Three out of 12 of the selected papers did not
define the parameters that determined a positive
or negative index test result.®"#2% This is unlikely to
have biased the results of the studies given that the
investigators knew what they were looking for.

None of the selected papers provided sufficient
data to evaluate test performance for detection and
characterisation of acoustic neuroma by patient
age, sex or specific subsite location (such as IAC,
porus acousticus or CPA). Although this does not
undermine the performance of the index test as a
screening tool, it impairs the extraction of natural
history data from these cohorts.

The method used to evaluate tumour size or
volume was documented in only two out of

12 of the selected papers.” Again, this did

not influence lesion detection but illustrates

the potential for measurement bias within the
population. Significant intra- or interobserver
variation at follow-up has profound implications
for the evaluation of natural history and clinical
effectiveness, as the proportion of patients under
serial observation is substantial and increasing.

Indeterminate test results or observer confidence
ratings were reported in five out of 12 of the
selected series. 11828385 There were no withdrawals
from any of the studies, other than omission of
the indeterminate results from the analysis of test
sensitivity and specificity in one paper;” these
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results have been incorporated with the original
data for analysis in this review.

Although the evidence evaluated in this review

was acquired using ‘old technology’ and might be
regarded as out of date, re-evaluation has provided
additional supportive evidence for screening

using non-contrast sequences, on the basis of

data derived from the clinical use of a relatively
low-resolution two-dimensional T2W sequence,
which was initially reported with a cautious
recommendation to use both non-contrast and
GdT1W sequences routinely.**

Factors such as case selection, equipment and
image quality, variability in the number and
experience of observers, variation in the diagnostic
threshold and counting ears evaluated rather than
cases, all have the potential to affect the calculation
of sensitivity and specificity. It was not possible to
control for these factors.

The evidence in this systematic review was
therefore extracted from a heterogeneous
population with variation in demographic features
and investigator methodology over a time frame
in which technology evolved and clinical practice
changed. Allowing for this, the following specific
themes may be drawn from the evidence evaluated
in this chapter and from related papers that were
reviewed informally as part of a narrative process
during the project.

Detection of small acoustic neuromas

None of the papers evaluated in the evidence
review had a significant population of patients

with small acoustic neuroma. As such, the evidence
extracted from the papers that compared a new
index sequence with the reference standard
(GAT1W) can only robustly support a statement
that two-dimensional or three-dimensional T2W

or T2*W sequences can reliably detect acoustic
neuroma larger than 5mm without the requirement
for GAT1W imaging. However, technological
advances in MR have improved the spatial
resolution of current three-dimensional T2W or
T2*W sequences to a degree that illustrates that
this statement is not applicable to current practice,
in which high-resolution sequences are used
routinely to screen for acoustic neuroma of all sizes.

The evidence evaluated in this review was
published between 1995 and 2001. To our
knowledge, no studies comparing a T2W or T2*W
sequence with a reference GAT1W sequence

have been published since. We believe that this
reflects the wide acceptance within the diagnostic

community that good-quality, high-resolution
T2W or T2*W sequences permit exclusion of
acoustic neuroma of any size with sufficiently high
diagnostic confidence to abandon routine GdTTW
imaging. Practice change reflecting this belief was
documented in 1996*? and discussed in editorials
shortly afterwards."2

The refinement of MR technology over time has
been a continual process that has resulted in either
improved image quality or preserved image quality
with shorter imaging times (reducing patient
motion). Evidence drawn from a brief narrative
review of publications since 2001 is supportive

of the assertion that current three-dimensional
T2W or T2*W sequences allow confident, reliable
identification of the VIIIth and VIIth nerves within
the CPA and IAM. In the context of population
screening, the criteria that define normality would
exclude acoustic neuroma.

This issue of size of tumour impacts on the
quality assessment using the QUADAS tool. Only
two points are lost in this assessment if there is
significant selection bias in the study population
that could be responsible for the apparently good
performance of a test evaluated using excellent
methodology in all other regards (e.g. selecting
patients with moderate-sized tumours unlikely

to be missed by any radiologist using any MR
sequence).

Definition of normality

The majority of papers in the review defined
criteria for a normal or abnormal study. The
definition of a normal, high-resolution, non-
contrast study should include clear visualisation
of normal VIIIth and VIIth nerves within the
CPA and IAC, along with clear identification of
normal cochlear and labyrinthine structures. If
a high-resolution study is confidently normal,
GdT1W imaging is unlikely to improve diagnostic
confidence,38:11.83-85

Reported advantages of high-resolution

T2W or T2*W imaging without contrast

e Exquisite anatomy: high-resolution T2W or
T2*W images provide an accurate anatomical
representation of the CPA and temporal bone
and enable detection of the normal nerves, or
acoustic neuroma, without requiring GdT1W
sequences.®' -

e Identification of VIIIth and VIIth nerve
relationships: high-resolution T2W or T2*W
images allow lesion attribution to specific
nerve branches.*"$7% This can inform the
surgical approach and may have prognostic
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implications, as tumours arising from the
superior division of the vestibulocochlear nerve
have a higher rate of hearing preservation.
Spatial relationships between acoustic neuroma
and the VIIth nerve can be determined
preoperatively.®

* Improved evaluation of inner ear structures:
high-resolution T2W or T2*W images
permit detection of inner ear extension®’
and evaluation of inner ear pathology and
dysplasias.56:97

Reported disadvantages of high-resolution

T2W and T2*W imaging without contrast

*  Multiplanar reformats (postprocessing time)
are required to confidently exclude subtle
pathology at the porus acousticus or in the
IAC.* Advances in computer workstation
technology now permit rapid evaluation
of thin-section MPRs, in any orientation,
immediately following image acquisition.

* The incidence of small tumours in the study
populations reported is relatively low, with
approximately 30% of the reported acoustic
neuroma being smaller than 5mm. Very
small tumours may be missed if there is nerve
root clumping,**? and if there is nerve root
clumping or image degradation by artefact,
the examination should be reported as
indeterminate (requiring recall for GATTW
imaging).

* High-resolution three-dimensional T2W or
T2*W sequences will identify structures that are
outlined by, or contain, fluid, for example, CSF
or perilymphatic fluid. They will not clearly
identify inflammatory or other processes within
the temporal bone or brain that may also be
responsible for the patient’s symptoms. Other
sequences are required for this.?#8!:86

* High-resolution three-dimensional T2W
or T2*W sequences will not necessarily
characterise a filling defect that may also
be a normal variant, vessel loop, exostosis,
lipoma, cavernoma, meningioma or metastasis,
although more complex presentations are more
likely with some of these pathologies.***’

* High-resolution three-dimensional T2W or
T2*W sequences will not detect microscopic
acoustic neuroma that do not alter the contour
of the VIIIth or VIIth nerves, or the anatomy
of the cochlea or labyrinth. GdT1W imaging
might detect such subtle pathology but cannot
distinguish acoustic neuroma from other
inflammatory pathologies (the specificity
of GAdT1W imaging would be low, the false-
negative rate for acoustic neuroma would be

high).
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Image quality and radiologist experience

Image quality and diagnostic ability are paramount
for the clinical effectiveness and cost-effectiveness
of a non-contrast screening test.

False positives or negatives may occur as a result

of poor image quality and limited radiologist
experience or confidence.*®* Optimal image
quality can be ensured by using modern equipment
with good quality assurance and experienced
radiographers. Normality should be defined (as
above) and indeterminate scans should be either
reviewed (second opinion) or recalled for GATIW
imaging.

Radiologists with a detailed knowledge of temporal
bone anatomy and neuroanatomy, including
anatomical variations and pathology, will reduce
the false-negative rate and the requirement for
GdT1W imaging for ‘uncertain’ cases.*** The
QUADAS assessment tool does not account for the
experience of radiologists interpreting images.

Variation in observer confidence and sensitivity/
specificity was illustrated by two studies,** and
there were moderate interobserver agreement
scores in another.*

The potential impact of radiologist experience can
be illustrated by the effect of varying the diagnostic
threshold for a positive test result on the false-
positive result rate in the study by Zealley and
colleagues;** the false-positive rate increases from
57 to 473 patients when the threshold includes
‘acoustic neuroma probably not present’ cases.

In this scenario an additional 416 patients would
require GdT1W imaging to prevent one false-
negative examination result.*!

Timing of radiology review

If a review is undertaken during the first
attendance, an immediate decision regarding the
requirement for GdT1W may be made, resulting in
no need for recall or a second appointment and a
reduced time to diagnosis. However, the radiology
cost of supervision of all IAM scans is prohibitive
given the low prevalence of acoustic neuroma in
the screening population.

Thus, delaying the radiology review and
undertaking unsupervised examinations may allow
efficient high patient volume and out of hours
scanning. The following factors will enhance the
efficacy of this strategy: experienced radiographers,
optimal scan quality, an experienced radiologist
(low recall rate for GAT1W) and a relatively low
prevalence of acoustic neuroma in the population.

33



34

Imaging and non-imaging strategies in the investigation of acoustic neuroma

GdTIW imaging as the gold standard test

GdT1W imaging has evolved from being

the gold standard diagnostic test to the gold
standard reference test for further evaluation

of indeterminate images or characterisation of
defined pathology. As very few false-negative cases
have been reported for GAT1W imaging,” its
role as the gold standard reference test for lesion
confirmation has remained unchallenged.

However, as lesion size reduces, the specificity

and ultimately the sensitivity of the gold standard
declines.”® Although the sensitivity of GAT1IW
imaging approaches 100%, the specificity for
acoustic neuroma is lower. The reported differential
diagnosis for enhancing lesions in the IAC or CPA
includes meningioma, metastasis, lymphoma,
labyrinthitis, sarcoid and haemangioma.'” False-
positive results for GATTW MR imaging have been
widely reported.8!82:101-103

Three-dimensional GdT1W sequences have
improved the signal-to-noise ratio compared

with a two-dimensional T1W sequence, with the
equivalent slice thickness, and the MPR facility
allows evaluation in any slice orientation, resulting
in improved comparability with the three-
dimensional T2W or T2*W sequence."

The relatively large (3 mm) section thickness of
conventional two-dimensional GdT1W images and
the low signal of non-enhancing structures (nerves/
CSF) limit its accuracy for the measurement of
tumour volume in small tumours, the identification
of cystic components (particularly within the

IAC) and the attribution of a lesion to a specific
nerve.* Areas of non-enhancement of acoustic
neuroma within the IAC may impact on outcome
by misleading the choice of surgical approach,

for example selecting a retrosigmoid approach to
acoustic neuroma involving the lateral IAC.'%*

In practice, GAT1W images are rarely interpreted
in isolation as they are usually acquired to clarify
findings on the screening three-dimensional T2W
or T2*W sequence. The described limitations are
of limited relevance in the context of screening but
are more significant for follow-up of known acoustic
neuroma.

Philosophy of cost-effective limited

screening versus a more complete

examination to detect all possible

causes of hearing impairment

The quoted rate of normal scans in acoustic
neuroma screening populations is 86-88%.%*" The
abnormal rate of 12-14% includes a heterogeneous

definition of abnormalities and inclusion/exclusion
of pathologies. In addition to detection of acoustic
neuroma or other soft tissue lesions involving

the VIIIth or VIIth nerves, high-resolution three-
dimensional T2W or T2*W imaging enables
detection of arachnoid or epidermoid cysts and
vessel loops within the CPA or IAC and evaluation
of the inner ear for malformations and tumours.

Pathologies that may be missed by omitting

the GAT1W sequence include small acoustic
neuroma, intralabyrinthine acoustic neuroma,
labyrinthitis, metastasis, and inflammatory dural
and leptomeningeal lesions such as sarcoidosis.
Pathologies that may be misinterpreted on
three-dimensional T2W or 1T2*W imaging alone
also include vessel loop, arachnoid cyst and
lipoma_38,82,83,85

Arguments for omitting GdT1W imaging from a
screening examination include the fact that the
incidence of the more aggressive pathologies in
the screening population is low and that their
presentation with isolated symptoms would

be unusual. The benefit of identifying benign
processes such as labyrinthitis is limited.?%52855

A number of abnormalities potentially related to
hearing impairment or clinically significant but
incidental to the patient’s presentation may be
missed if a T2W evaluation of the brain is omitted
from the screening evaluation. The ‘incidental
abnormality rate’ detected in larger screening
cohorts depends on what observers regard as
pathological and also on the philosophy of the
screening process (cost-minimal focused on
acoustic neuroma detection versus inclusive aimed
at detecting CNS problems as well). The incidence
of unexpected pathology in the healthy population
has been documented in a study from Rotterdam'®
in which the authors reported the identification of
212 asymptomatic brain lesions in a population of
2000 (10.6%).

The average age of acoustic neuroma screening
populations is around 50 years. Small vessel white
matter lesions have been detected in up to 20% of
such patients.'” White matter lesions are a marker
for cardiovascular risk factors, increased stroke
risk and risk for intracerebral haemorrhage in
patients placed on anticoagulants.'’” Such patients
may benefit from investigation and treatment of
previously undetected cardiovascular risk factors
(e.g. a potential beneficial ‘side effect’” of the scan).

The prevalence of serious incidental pathologies
requiring referral to neurology or neurosurgery
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was (10/1139) 0.9%** to (11/644) 1.7%.'"° An
approximation to a 1% prevalence would seem
reasonable and would correlate with the findings
in the Rotterdam study.'® In our view, this is
sufficiently high to justify inclusion of whole brain
imaging with the screening IAM scan (which is
current practice in the UK).

Contraindications to MR imaging

Absolute contraindications to MR imaging include
the presence of a cardiac pacemaker, an intraocular
metallic foreign body and some neurosurgical
aneurysm clips. In such cases, an alternative
imaging strategy is required.

Other factors that may limit the success of an MR
examination include claustrophobia and severe
obesity (increasing in the UK population). In this
case, options include sedation, access to open MR
units, CT or alternative non-imaging strategies.

Conclusions

In current clinical practice, MR imaging is the first-
line investigation for the identification of suspected
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acoustic neuroma in appropriately selected
patients. The GdT1W sequence remains the gold
standard sequence for evaluating an indeterminate
test result and for characterising any suspected
pathology.

Non-contrast, high-resolution three-dimensional
T2W or T2*W sequences enable accurate
evaluation of the VIIIth and VIIth cranial nerves
within the CPA and IAC as well as evaluation of
the cochlea and labyrinth. When these structures
are clearly and confidently identified, inclusion
of GAT1W sequences is unlikely to contribute
information that would alter patient management
in the screening population.

The quality of the imaging and the experience

of the reporting radiologist are key factors
determining the efficacy of a non-contrast
screening strategy. Poor image quality or lack

of diagnostic confidence or ability will result in
increased patient recall rates and use of GATTW
imaging at additional cost or, worse, increased
false-negative rates and the cost burden of late re-
presentation with an advanced acoustic neuroma.
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Chapter 3

Cost-effectiveness

Introduction

The central purpose of an economic evaluation in
the context of this report is to compare the relative
value of alternative diagnostic algorithms and

in so doing to provide information that can aid
decision-makers in addressing resource allocation
questions. This chapter reviews evidence from the
published literature in which the relative value of
alternative algorithms has been compared, or from
which these can be inferred (see Cost-effectiveness
review) and develops a model considering available
published evidence in the context of current UK
practice (see Cost-effectiveness model).

Two principle types of study are reviewed: cost-
minimisation analyses and cost-effectiveness
analyses. In cost-minimisation analysis it is assumed
that alternative ways of achieving a particular
outcome are equally effective. In this context it
could mean, for example, that two strategies for
investigating acoustic neuroma are equally likely
to detect a neuroma of a given size — if one is
present — everything else besides cost being equal.
Under this condition, only costs need vary for us
to establish which strategy represents the more
efficient use of resources.

In a cost-effectiveness analysis alternative ways of
achieving a particular outcome can differ both

in terms of how effective they are and in terms of
how costly they are. In this context it could mean,
for example, that one strategy for investigating
acoustic neuroma is more likely to detect a
neuroma of a given size — if one is present — than
another strategy. Equally, it could mean that two
strategies differed both in terms of effectiveness
and cost. To ascertain which strategy is the more
efficient would entail a comparison of costs and
effects across the alternatives available. That
which delivers the greatest effect per pound spent
represents the most efficient use of resources.

As the stage at which a diagnosis is made has
implications for treatment and long-term
outcomes, the chapter briefly reviews treatment
options before proceeding to review the literature
relating to diagnosis.
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Management options

The most common management options for
acoustic neuroma are surgery, radiosurgery,
radiotherapy'® and interval scanning (‘watchful
waiting’ or ‘wait and scan’). Although the risks
associated with each may be relatively small, the
impact can be dramatic. In the case of surgery
these may include facial paralysis and (in very rare
cases) death.”1%!" In the case of radiosurgery
weakness of the facial nerve can result.'” These
risks, coupled with the slow growth of some
tumours, can make cautious monitoring a more
attractive management strategy, especially in the
case of particular groups such as older patients
or the medically infirm in whom the risks of
intervention relative to potential benefits may
be considered high. Outcomes and treatment
costs vary with tumour size, a fact that can

have a bearing on the cost-effectiveness of
alternative diagnostic strategies. That confusion
exists regarding the reporting of tumour size
across studies is worth noting'!! because of the
complications it creates for assessing outcomes.

Diagnosis of acoustic neuroma typically involves

a physical examination during which a patient
history is taken. Audiological tests, which might
include pure tone audiometry and speech
discrimination, are conducted. It is at this stage
that choices emerge in how best to investigate
instances of suspected neuroma. Auditory
brainstem response, CT, non-contrast-enhanced
MR imaging (non-contrast-enhanced MR imaging
here can refer to any of the two-dimensional or
three-dimensional T2W or T2*W sequences)

and GdT1W MR imaging have all been used in a
variety of contexts in the investigation of acoustic
neuroma. GAT1IW MR imaging is considered the
gold standard for tumour detection''? (see Chapter
2). Debate, however, exists in the literature as to
the value of GATTW MR imaging relative to other
tests given its expense, as well as how the various
tests might best be combined in a diagnostic
algorithm.®
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Methods

To examine the cost-effectiveness of GATIW MR in
the diagnosis of acoustic neuroma, we undertook

a systematic review of the cost-effectiveness of
alternative protocols for the identification of
suspected acoustic neuroma. Subsequent to a review
of the literature, a decision tree was constructed
based on expert opinion and then populated with
data from the literature and/or expert opinion.

The costs of pursuing two alternative diagnostic
strategies (contrast-enhanced imaging for all
patients in whom pathology is suspected after
audiometry versus a strategy in which non-contrast-
enhanced MR imaging is used as an intermediate
screen) was estimated using this decision model,
with a series of sensitivity analyses used to test the
robustness of its conclusions. The model and its
results are discussed later in this chapter. The cost-
effectiveness review section focuses on the review of
the literature.

Search strategy

The search terms used and databases searched to
identify articles for inclusion are listed in Appendix
1.

The flow chart in Figure 12 (Appendix 2) details
the number of references found and the exclusion
of irrelevant references at each stage of the review
process. The initial search yielded 2754 titles,
which were then reviewed by three of the project
team (HF, CM, HJ) for relevance. Duplicates

(n =249) were deleted and a further 1755 titles
deleted based on relevance. The remaining 750
titles were further sifted by four team members
(CO’N, HF, CM, HJ). A total of 85 papers were
identified as being potentially relevant based

on their titles and recency of publication. One
title could not be located and one was found

to be a duplicate, leaving 83 in total. These 54
full papers and 29 abstracts were then reviewed
by one economist (CO’N). From a review of the
bibliographies of the papers three additional
papers were located and from among the abstracts
obtained one additional full paper was located.

In total, 58 papers were reviewed. These included
original articles, editorials, reviews and published
correspondence between authors. The publications
covered the time period from 1977 to 2005,
although the majority of the papers were from the
mid-1990s onwards. The review was deliberately
kept wide to gain as good an appreciation as
possible of the issues that impinge on the cost-
effectiveness of alternative diagnostic strategies.
At this stage it included papers on the long-term

consequences of living with an acoustic neuroma

or of living with the consequences following
treatment. For the systematic review of cost-
effectiveness it was decided to include only original
articles that compared both the costs and the
effectiveness of alternative diagnostic strategies or
from which this information could be inferred. This
reduced the number of papers to 13. One paper®
was adjudged to report substantially the same data
as another®? and was removed from the review,
leaving 12 papers. The search was updated to cover
the period from October 2006 to August 2008. No
additional papers were identified for inclusion in
the review.

Quality assessment

The quality of each paper was assessed by two

of the authors (CO’N and HF) using the CASP
(Critical Appraisal Skills Programme) guidelines
on economic appraisals adapted from the checklist
of Drummond and colleagues.'"” The assessment
of quality is detailed in Appendix 3 together with
details of the specific interpretation attached to
these criteria.

Data extraction

The following data were extracted from each
paper:

e author(s) and year

e the test/tests/protocol that were studied

* the country in which the study was undertaken

e the study design (retrospective, prospective)
and numbers studied

e data sources used

e results

* sensitivity analyses

e conclusions

e any additional comments.

Data from the studies included were summarised
and critiqued by a single economist (CO’N)

to identify common results, variations and
weaknesses between studies. No formal attempt
was made to synthesise quantitatively the data
from the identified studies, although an informal
comparison of results from the selected studies is
summarised in the discussion section of the cost-
effectiveness review. A quantitative analysis was not
thought to be appropriate given the differences
between the studies in terms of the application of
the technologies assessed (e.g. in relation to the
definition of ASHI), the patient groups used (some
studies were retrospective, others prospective),

the publication years (publications spanned 13
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years) and the countries in which the studies were
conducted (USA, UK, India and Canada, between
which substantial differences in unit costs exist).

Cost-effectiveness review
Results

Tuble 7 summarises the characteristics of the twelve
included studies.

The studies can be divided into two broad groups:
those that compared protocols involving ABR and
GdT1W MR imaging in differing combinations

(n =38), and those that compared protocols

involving non-contrast-enhanced MR imaging
and GdT1W MR imaging (n =4). It is extremely
difficult to classify the papers definitively as cost-
minimisation or cost-effectiveness analyses based
on the information contained in them. Most focus
on costs, dealing with detection rates discursively.
In broad terms, 11 have been classified as cost-
minimisation analyses (although in a number of
cases the authors state that equality of outcomes
across protocols does not exist, but nevertheless
they do not quantify ‘effects” and they may perhaps
be better thought of as cost—consequence studies)
and one as a cost-effectiveness analysis. Just three
studies were based on UK data, the remainder
spanning the USA, Canada, Singapore and India.

TABLE 7 Summary of papers included in the review examining the costs and cost-effectiveness of contrast-enhanced MR imaging in the

diagnosis of acoustic neuroma

Sample
Study Country size Design
Welling et al., 1990''* USA 70
Robinette et al., 2000%° USA 75
Robson et al., 19934 UK 99
Saeed et al., 1995% UK 139
Ravi and Wells, 1996* UK 100
Cheng et al., 2003'"® Canada 270
Carrier and Arriaga, 1997 USA 485
Rupa et al., 2003¢” India 90
Daniels et al., 1998''¢ USA 58
Allen et al., 1996 USA 50
Marx et al., 1999% USA 25
Tan, 1999'7 Singapore 123

An estimation of costs from a retrospective review of the process
leading to the diagnosis of AN

Hypothetical costs associated with identification of AN estimated from
a retrospective review of patients’ medical records

Prospective study to audit the cost-effectiveness and accuracy of
audiovestibular investigations compared with MR imaging

Determination of costs of detecting AN by examination of case notes

Examination of costs of confirming or refuting a diagnosis of AN from
a retrospective review of clinical records of all patients presenting with
suspected symptoms of AN

Retrospective chart review of patient records and cost comparison of
ABR vs MR screening of AN

Retrospective review of a focused MR imaging sequence for patients
with asymmetric sensorineural hearing impairment and its cost-
effectiveness

Prospective study to determine the cost-effectiveness of ABR as
a screening test in the diagnosis of AN in patients presenting with
asymmetric audiovestibular symptoms

Retrospective cost comparison of routine workup and screening of
ANs with cost of fast spin echo MR imaging

Blinded review and comparison of unenhanced fast spin echo images
with enhanced TIW conventional spin echo images from 25 patients
with AN and 25 control patients

Prospective study comparing accuracy of fast spin echo MR imaging
with gadolinium-enhanced MR imaging in the diagnosis of AN

Prospective study of patients presenting with symptoms of
sensorineural hearing impairment, and undergoing MR imaging for the
diagnosis of AN

ABR, auditory brainstem response; AN, acoustic neuroma.
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A summary of the key findings across the various
studies is provided in Zable 8. The next section
includes a brief review and critique of each paper.

Discussion
Staged ABR and GdTIW
MR imaging protocols

114

The study by Welling and colleagues'"* compared
the cost of a ‘traditional” diagnostic protocol
[including electronystagmography (ENG), CT

and unenhanced MR imaging as well as ABR and
GdT1W MR imaging in the algorithm] with the
cost of one that deployed GdT1W MR imaging
or ABR after audiometry was used to assess the
likelihood that a neuroma may be present. Strength
of suspicion was determined using an assessment
of the patient’s history, a physical examination
and audiometry results (pure tone air and bone
conduction levels and speech discrimination).
Only those patients considered to have a low risk
of neuroma (less than 5%) were referred to ABR.

TABLE 8 Summary of key data extracted from papers included in the review examining the costs and cost-effectiveness of contrast-
enhanced MR imaging in the diagnosis of acoustic neuroma

Sample Cost of GATIW Cost of Study Superior strategy in terms
Study Country size MR imaging ABR type of efficiency

GdTIW MR imaging studies

Welling et al., 1990'*  USA 70 US$1235 US$220 CMA ABR/GATIW MR imaging >
traditional®

Robinette et al., USA 75 US$1500 US$300 CEA ABR/GdT IW MR imaging >

2000 GdTIW MR imaging

Robson et al., 1993 UK 99 £130 Unknown CMA GdTIW MR imaging >
traditional®

Saeed et al., 1995* UK 139 £165 Unknown CMA  GdTIW MR imaging >
traditional®

Ravi and Wells, 1996*' UK 100 £137 Unknown CMA  GdTIW MR imaging >
traditional®

Cheng et al., 2003'"® Canada 270 C$260 C$44.60 CMA Traditional® > GdTIW MR
imaging

Carrier and Arriaga, USA 485 US$300-500 US$300 CMA  GdTIW MR imaging >

1997'3 traditional®

Rupa et al., 2003¢ India 90 US$200 US$13.33 CMA  ABR/GATIW MR imaging >

GdTIW MR imaging

Non-contrast-enhanced MR imaging studies

Daniels et al., 1998''®  USA 58 GdTIW MR imaging  US$245 CMA Non-contrast-enhanced MR
US$1200; non- imaging > traditional®
contrast-enhanced
MR imaging US$4 15

Allen et al., 1996% USA 50 GdTIW MRimaging  N/A CMA Non-contrast-enhanced
US$1200; non- MR imaging > GdTIW MR
contrast-enhanced imaging
MR imaging US$400

Marx et al., 1999% USA 25 Unknown N/A CMA  Non-contrast-enhanced

MR imaging > GdTIW MR
imaging

Tan, 1999'"7 Singapore 123 GdTIW MRimaging  N/A CMA  Non-contrast-enhanced
$$950; non-contrast- MR imaging > GdTIW MR
enhanced MR imaging
imaging S$400

ABR, auditory brainstem response; CEA, cost-effectiveness analysis; CMA, cost-minimisation analysis; GdT I W, gadolinium-

enhanced T | -weighted; MR, magnetic resonance.

a ‘Traditional’ is a term used by several of the papers to refer to strategies involving a series of tests including examination,
audiometry, electronystagmography and possibly CT scanning as well as ABR and MR imaging. The tests referred to in
each paper are discussed in the text.
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Those at intermediate or high risk (5% or above
as assessed by reviewer) were referred for GATIW
MR imaging immediately after audiometry. (If an
individual’s ABR results were abnormal among the
low-risk group, a subsequent referral for GATIW
MR imaging was advocated.)

Unit costs were estimated from a survey of four
independent institutions conducted in 1989. (The
average cost of ABR was reported as US$220 and
of GAT1IW MR imaging as US$1235.) The average
cost of the traditional diagnostic work-up (in which
ENG and CT, etc. might feature) was based on

a retrospective review of 70 patient records and
application to these of unit costs. The average

cost of the traditional protocol was estimated at
US$2568 (this figure excluded office visits and
treatment). By comparison, the estimated average
cost of the alternative diagnostic strategy (ABR
and/or GdT1W MR imaging immediately after
audiometry based on an assessment of risk) was
US$1150. (Assuming a dollar to sterling conversion
of £1 = US$2, the cost of the traditional protocol
in 1989 prices would be £1284 and that of the
alternative strategy would be £575.)

The paper only considers other costs related to
treatment of the neuroma, long-term sequelae and
litigation, and offers some estimates in relation to
the first two from a range of sources. The average
cost of hospitalisation for excision of an acoustic
neuroma was reported as US$9400 when there

are no complications and US$39,950 when major
complications arise. (Surgery was only attempted
on a subgroup of patients, the team opting to
manage seven through observation rather than
intervention. Six of those operated on, however,
experienced major complications.) When a delay
in diagnosis results in profound unilateral SNHI,
an impairment equivalent to 6% of annual salary

— US$18,000 over the average remaining working
life — was hypothesised as an estimate of the cost of
lost production (35% lost income being suggested
for bilateral deafness).

A number of problems arise with this study. First,
the 70 patients in the study were individuals known
to have tumours. Given this, although the detection
rates across protocols could be treated as being
equal and thus the study amounts effectively to

a cost-minimisation analysis, whether this group
would be representative of those to whom the
protocols would be applied in practice is debatable.
Individuals exhibiting symptoms who are not
imaged may well experience a different diagnostic
process (and cost) to that of those encountered in
this group. From this study, for example, we do not
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know how many false negatives might have arisen
in the ABR examinations of those judged ‘low risk’
among an unselected group. In consequence, we
do not know the cost associated with false negatives
in this protocol. Similarly, we do not know what

the compliance might be for those assigned to
recall monitoring within such a protocol, or again
what costs might arise from this in terms of missed
tumours. Although a sensitivity analysis could
potentially have gone some way to addressing these
issues, none was undertaken in the study.

A second, although relatively minor, issue
concerns the discussion of the treatment and
costs of long-term sequelae. This study is almost
unique in making reference to such costs, but

is somewhat naive in its treatment of them.
Considerable caution must therefore be exercised
in interpretation of this discussion. For example,
no discounting of future lifetime earnings is
undertaken in the estimate of future lost earnings.
Again, although this is an issue that could perhaps
have been dealt with in a sensitivity analysis, that
none was undertaken means that the result must
be viewed cautiously. Although the study makes
no claim to have definitively established the cost-
effectiveness of a risk-assessed protocol over a
traditional approach, the inference that this is the
case is made.

The study by Robinette and colleagues® essentially
follows the same approach as that of Welling and
colleagues'* and is again US based. The authors
take data relating to 75 patients (all of whom had
been surgically confirmed as having tumours) and
assign the patients to the Welling and colleagues’!*
groupings of high, intermediate and low risk. (As
the symptoms presented in case notes did not
always fit the Welling and colleagues’'* criteria,
some interpretation was used on occasion.) Based
on the prevalence of tumours among individuals
exhibiting the symptoms described by Welling and
colleagues'"* (prevalence rates as reported in Buach
and colleagues''®), the number of individuals
needed to generate the number of tumours
observed was calculated. The costs of screening
this number with an GdT1W MR imaging protocol
as the first test after audiometry and of using a
protocol that incorporates a risk-assessed screen

in which ABR is included (in line with Welling

and colleagues''*) are calculated. The sensitivity
for ABR and GdT1W MR imaging from Buach
and colleagues'® is then used to determine the
expected number of false negatives in each risk
grouping, and, finally, the additional cost required
to detect these by adopting an GdT1W MR
imaging first test protocol is calculated. The study
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design can be described as a cost-effectiveness
analysis in as much as costs are related to the
number of expected missed tumours under the two
protocols.

Unit costs are presented as US$300 for ABR and
US$1500 for GATIW MR imaging. The source for
these is not identified, although from the context
in which they are presented they are likely to
reflect billable charges levied at the study site. The
cost-effectiveness of the risk-assessed diagnostic
algorithm over the GAT1IW MR imaging first test
algorithm is demonstrated by reference to the cost
that would be incurred were one required to detect
the tumours that would otherwise be missed. This
cost is shown to rise across the risk groups, the
low-risk group being higher than the intermediate-
risk group and the intermediate-risk group being
higher than the high-risk group. Thus, to find

the one tumour missed in the high-risk group,

it is estimated that a protocol deploying GdT1W
MR imaging immediately after audiometry would
cost an additional US$30,900. To find the four
missed tumours in the intermediate risk group
would cost an estimated additional US$858,000
(or US$214,500 per tumour), and to find the one
missed tumour in the low-risk group would cost an
estimated US$1.6 million.

The study is not compromised by selection

bias to the same extent as that of Welling and
colleagues.''* Although a selected sample is used —
all individuals were known to have tumours — the
number of persons one would expect to screen

in order to generate the number of tumours
observed was derived from a study by Bauch and
colleagues''® in which both tumour and non-
tumour patients were present. In this respect,

the data are more likely to be representative

of patients to whom tests would be applied in
practice. However, the use of prevalence data from
another study as well as one set of unit costs does
build assumptions into the analysis upon which

the study’s results and conclusions are predicated.
Varying these assumptions, as the authors state
(and provide some guidance on), would alter

the study results. A formal sensitivity analysis is,
however, not undertaken nor are dollar estimates of
costs per missed tumour across groups given under
different assumptions.

These caveats noted (and broadly acknowledged
by the authors), the study nevertheless extends
the conclusion of Welling and colleagues'' that

a diagnostic strategy based on risk assessment in
which ABR has a role is not only likely to be more
cost-effective than one based on a more protracted

ad hoc battery of tests but also more cost-effective
than one that deploys GATTW MR imaging as a
first-line test after audiometry.

Robson and colleagues,® Saeed and colleagues*?
and Ravi and Wells*' report the results of studies
undertaken in the UK. In each, comparisons are
made between protocols involving specific GATTW
MR imaging tests immediately after audiometry
and traditional diagnostic protocols involving a
range of intervening tests. Each is undertaken
broadly within what might be considered as being
cost-minimisation analyses.

Robson and colleagues® report what is effectively a
prospective study of 99 patients. The authors state
that all 99 patients were referred for GdTIW MR
imaging before the results of their audiovestibular
examinations were known. The results of these
tests should not therefore have influenced the
decision to refer patients for GAT1W MR imaging
and thus the study can be thought of as being
prospective. Although it is conceivable that an
elevated suspicion of neuroma must have been
present for GAT1W MR imaging to have been
requested, that other tests were requested first
suggests that any elevated risk cannot have

been very high. Unit costs are based on charges
levied on private patients at a single UK hospital
(Radcliffe Infirmary, Oxford) in 1992. The cost

of directing 99 patients to imaging immediately
after audiometry is estimated at £12,900, the

unit cost of GAT1W MR imaging being reported
at £130. The cost of the existing protocol that
included CT and ABR (as indicated by need)
before imaging is estimated at £12,545 (these costs
exclude GdTTIW MR imaging and any repeat C'T
scans that may in reality have been undertaken).
The imaging protocol involves patients being
processed in batches (thus obviating the need to
adjust equipment, and saving on scan time) as well
as the use of a reduced amount of gadolinium. The
elimination of the need for repeat CT and/or ABR
or GAdTIW MR imaging when equivocal results
from CT and ABR remain equivocal, or of missed
false negatives when GdT1W MR imaging is not
used to exclude a tumour, would likely erase the
small cost difference between the two protocols. As
with the other papers reviewed thus far, however,
no sensitivity analysis is undertaken to illustrate
this.

The prospective study design in which all patients
presenting with symptoms giving rise to a suspicion
of acoustic neuroma are included in the study is
one of the paper’s strengths, although the absence
of a sensitivity analysis means that the conclusions
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must be treated with some caution. In as much

as only costs are formally compared, it can be
thought of as a cost-minimisation analysis. GAT1IW
MR charges reflect in part the reduced scan

time (20 minutes compared with the standard of
approximately 60 minutes) as well as the reduced
dose of gadolinium. Using an exchange rate of

£1 =US$2 and tripling the scan time involved,
the dollar equivalent would be US$780. As can be
seen, this is somewhat less than the costs reported
by Welling and colleagues'* and Robinette and
colleagues.” The reduced dose of gadolinium may
in part explain the difference as may the different
geographical settings for the studies; however, the
possibility that unit costs are not calculated on the
same basis remains.

With these caveats in mind the study does seem

to provide prima facie evidence that GdATIW MR
imaging immediately after audiometry for patients
in whom an acoustic neuroma is suspected is more
cost-effective than a strategy in which GATIW MR
imaging is deployed only after further intervening
tests. Although this would appear to contradict the
findings of the study by Robinette and colleagues,®
the different unit costs and the different protocol
of tests used between the two studies must be borne
in mind. To what extent a direct comparison is
possible is debatable.

In the study by Saeed and colleagues,*? a
traditional protocol (involving CT as well as ENG,
ABR and GdTTW MR imaging) is again compared
with a protocol in which GATTW MR imaging is
conducted immediately after audiometry has failed
to remove suspicion of a neuroma. The cost of
processing patients who would undergo GdT1W
MR imaging was estimated using details of tests
involved in the traditional protocol. Unit costs
relate to the authors’ own department (Manchester,
UK), although how exactly these have been arrived
at is unclear. The unit costs are similar to those

of Robson and colleagues*® for imaging (£165)
and, as with Robson and colleagues,* were based
on a protocol that involved processing patients in
batches (requiring a 30-minute scan time) as well
as use of a reduced dose of gadolinium. (Adjusting
these for a 60-minute scan time and converting

to dollars at an exchange rate of £1 = US$2, the
GdTIW MR unit cost would equate to US$660.)
The cost per patient of the traditional diagnostic
process is estimated at £188.22, and the cost of an
GdT1IW MR imaging first protocol is estimated at
£180.05. Cases in which tumours may have been
missed because of equivocal CT or ABR results

are presented suggesting that the two protocols
would not be equally effective. As with Robinette
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and colleagues,% costs per tumour missed are

not calculated. The costs of operating the two
protocols are very similar. The similarity of the
costs forms the basis for the study’s conclusion and
thus it can be thought of as a cost-minimisation
analysis. Given the similarity of costs under the two
protocols and the likely incomplete nature of costs
under the traditional protocol, the dominance of
the GAT1W MR imaging first protocol over the
traditional diagnostic strategy is implicit.

The relative cost-effectiveness of the protocol in
which imaging is undertaken more widely and
earlier in part reflects the effect of eliminating
equivocal intervening tests. If these results were
from an unselected group of patients (as was the
case in Robson and colleagues®) there is also a
strong likelihood that the traditional protocol
would miss some tumours because of the lower
sensitivity of the tests deployed (i.e. like is not
compared with like in terms of effectiveness). The
corollary of this is that if this was an unselected
group of patients there would be good reason

to believe that the cost advantage reported for

a GdT1W MR imaging first test protocol after
audiometry would be greater than is indicated
here. However, it is not entirely clear that this is an
unselected group of patients. It is not stated what
prompted the GAT1IW MR imaging request for
this group, merely that ‘139 requests were made as
part of the investigative protocol for patients with
unilateral or asymmetrical sensorineural hearing
impairment’. In other words, it is possible, as with
Welling and colleagues,''* that the request for
imaging was informed by the results of other tests
besides audiometry.

If we assume that this is not the case, then the study
is similar to that of Robson and colleagues* and
provides further evidence that a strategy in which
GdT1W MR imaging is deployed immediately
after audiometry is more cost-effective than one in
which it is deployed only after other intervening
tests. If we do not make this assumption then the
result must be treated with somewhat more care.

A straight to GATTW MR strategy may see many
referred for GAT1W MR imaging who could be
(and implicitly were) eliminated from further
investigation by cheaper tests. That a GdTIW

MR image was requested for all in this group may
indicate that it was in fact needed to positively
diagnose or eliminate acoustic neuroma as a

cause of the symptoms exhibited. In this situation,
savings attributed to the exclusion of intermediate
diagnostic steps would then merely reflect that, for
a group that could be defined ex post (i.e. once

its participants have been the tested we know its
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value), by definition such tests were of no value. As
with the other studies, no formal sensitivity analysis
is undertaken, again indicating the need for some
care to be exercised in drawing conclusions from
the study.

In Ravi and Wells,*' similar issues arise. These
authors compare the cost of a traditional protocol,
in which CT as well as ENG and GdTTW MR
imaging are used to investigate suspected acoustic
neuroma, with that of a GATIW MR image
immediately after audiometry protocol. Case
notes on all tests conducted on 100 patients are
examined to identify those in whom a GdT1IW
MR image was requested to eliminate an acoustic
neuroma. The unit costs for GdTTW MR imaging
are taken from one of the study’s centres, although
these are demonstrated to be similar to those at the
other study sites (£110, £137 and £158, £137 being
that used in the study) and are similar to those of
Robson and colleagues.** When, following a pure
tone audiogram, patients were referred to GdTIW
MR scanning as their next investigation, the cost
per patient is estimated at £220.72 (if results were
communicated by the GP) or £258.72 (if results
were communicated via an outpatient visit). The
£220.72 comprises £137 for a GATIW MR image,
£75 for an ENT consultation and £8.72 for pure
tone audiometry. By comparison, when other tests
besides a pure tone audiogram were undertaken
before GAT1IW MR imaging was conducted, the
cost per patient is markedly higher — £417.31 for
those who underwent a pure tone audiogram,
‘special’ audiological tests and ENG as well as
GdT1W MR imaging. (The precise GdATTW MR
test is not described, although the costs suggest

it is similar to that in the studies by Robson and
colleagues® and Saeed and colleagues.*?) As

with Saeed and colleagues,*? the analysis of cost-
effectiveness in terms of cost per tumour missed
or detected is not pursued, and the study may

be thought of in terms of a cost-minimisation
analysis. That a protocol in which GdTTW MR
imaging is deployed as a first test costs less than a
protocol involving intervening steps is sufficient to
demonstrate its dominance.

As with Saeed and colleagues,*? the interpretation
of results here depends on the interpretation of
recruitment to the study. If the 100 participants
whose notes were examined reflect a selected
sample — individuals for whom other tests after
pure tone audiometry were equivocal — they cannot
be viewed as being equivalent to the general
population of individuals for whom audiometry
has failed to rule out a tumour (among a group
comprising the latter, other tests may not have

been as equivocal and imaging may have been
pursued). Were this the case, any savings attributed
to the exclusion of intermediate diagnostic steps
would merely reflect that, for a group defined

ex post (i.e. for when having conducted the tests
we know they were of no value), savings could be
derived by the elimination of intermediate steps.
If, on the other hand, the sample represents an
unselected group (everyone for whom pure tone
audiometry has failed to exclude a tumour) then,
as with Robson and colleagues,® the study lends
weight to the argument that GAT1IW MR imaging
immediately after audiometry is a more cost-
effective diagnostic strategy for acoustic neuroma
than one that involves additional steps. From the
text, one cannot be certain of which of these is the
case. The fact that it is not stated explicitly that this
is an unselected group adds to the suspicion that
this was not the case. As with the other studies, no
formal sensitivity analysis is undertaken and again
caution is warranted in regard to the study’s results.

In Cheng and colleagues,'"” the cost of a protocol
that involves GdT1W MR investigation after
audiometry is compared with that associated with
a traditional protocol. Included in the battery of
tests deployed in the traditional protocol are ABR,
CT and ENG as well as GAT1IW MR imaging.

Data on the tests performed on 270 patients who
presented consecutively at a Canadian hospital
and in whom an acoustic neuroma was suspected
were extracted from their notes. Unit costs for the
tests used were derived from the Ontario Health
Insurance Plan for 1998 and combined with data
on test use to produce an estimate of total costs for
all patients. The unit cost of an uncontrasted MR
image is reported as C$260 and that of an ABR as
C$44.60 (broadly equivalent to US$244 and US$42
respectively). This was then averaged across the 270
patients to produce an estimate for the traditional
protocol of C$191.19 (US$180). The average cost
for the 270 patients to receive audiometry (pure
tone, speech discrimination and acoustic reflex
tests) followed by GdT1W MR imaging without
other intervening tests was estimated at C$310.30
(US$292).

In as much as the study deals with an unselected
group of patients, comparing the actual costs of
administering one protocol with the estimated costs
of another (effectively a cost-minimisation analysis),
it does not suffer from selection bias as was the

case in some of the other studies. However, against
this, under the traditional protocol the number

of false negatives from ABR and other tests are
unknown. (‘Most patients with normal ABRs were
assumed to have no retrocochlear pathology. No
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further testing was performed on such patients’.)
As the number of tumours missed is unknown,

like is not being compared with like in terms of
effectiveness across the two protocols. It follows
that the costs associated with an unknown number
of potentially missed tumours are implicitly
ignored in the study. Although the study could

be classified as a cost-minimisation analysis, the
validity of the assumption that the two diagnostic
strategies have the same outcomes is difficult to
sustain (an unknown amount of costs associated
with missed tumours has been omitted from the
traditional protocol). As no formal sensitivity
analysis is undertaken, the impact on the findings
of relaxation of the implicit assumptions regarding
missed tumours or of varying the costs associated
with the conduct of any of the diagnostic tests is
unknown. [The figures quoted in the paper are
somewhat confusing. The authors quote a unit cost
of GATIW MR imaging of C$310 but use a cost

of C$260 in their calculations, the unit cost they
quote for non-contrast enhanced MR imaging.
The total cost of processing the 270 patients would
be C$83,700; adding to this audiometry costs
(C$13,581) the total for a GdAT1IW MR imaging
protocol would be C$97,281 and not the C$83,781
quoted in the paper.]

In Carrier and Arriaga,' a protocol that involves
imaging immediately after audiometry is compared
with a protocol that permits further investigation
before imaging based on ABR - similar to the study
by Welling and colleagues'* but without formal
risk assessment. As with Robson and colleagues,*

a specific imaging strategy in which a reduced

dose of gadolinium is administered is followed,

as well as a reduction in the number of images
printed. Although the authors make no reference
to batching patients, the total imaging time
including set-up and administration of gadolinium
is reported at between 20 and 25 minutes, similar
to the times reported by Robson and colleagues*
and Saeed and colleagues* when batching does
take place.

The images of 485 patients who presented with
symptoms of ASHI or unilateral non-pulsate
tinnitus were reviewed and a diagnosis arrived at.
The cost of the ‘straight to imaging’ protocol is
estimated based on direct progression to imaging
after audiometry. This is estimated at US$300-
500 per scan, the lower cost reflecting the lower
scan time as well as use of a reduced amount of
gadolinium. The cost of an ABR is quoted at
US$200-300 per test. In what amounts to a cost-
minimisation analysis the authors conclude that,
given the lower sensitivity of ABR compared with

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

GdT1W MR imaging and the associated costs of
additional confirmatory tests that would likely
be involved if ABR was deployed, as well as the
costs of potentially missed tumours, the direct
to imaging protocol is more cost-effective than
traditional algorithms.

As with the other papers reviewed, however, a
number of issues arise in relation to this study.
First, it is not clear if the sample used here has
been selected — it is one for which images exist, and
others may have been filtered out before reaching
this stage. It seems unlikely that imaging would
have been requested unnecessarily and thus it is
likely that it is a selected sample. This need not
effect the conclusion of the study as the costs of the
diagnostic tests are not actually calculated based on
the use of tests in the sample. Rather, the relative
cost-effectiveness of the direct to GATIW MR
imaging strategy hinges on the relative unit costs
and assumptions regarding repeat examinations
and missed tumours. Although the unit cost
reported for an ABR (US$300) is in line with the
costs reported by Robinette and colleagues® and
Welling and colleagues,''* it is at variance with
those reported in the UK studies as well as in other
US studies. Thus, the unit cost reported for an
ABR by Cheng and colleagues,''® for example, is
US$44.60 (£22.30); in Robson and colleagues*®

a unit cost of £55 (approximately US$110) is
reported and in Saeed and colleagues** there is a
cost of £23 (approximately US$46). As with the
other studies, a sensitivity analysis could have
assessed the impact of uncertainties regarding
these costs (as well as those regarding the sensitivity
of ABR and the cost of missed tumours) but none
was undertaken. If the unit costs are considered
credible the study does provide evidence
supporting the contention that a direct to GAT1IW
MR imaging protocol is likely to be more cost-
effective than one that entails intervening tests.

Finally, the prospective study by Rupa and
colleagues®” examined 90 patients, comparing a
protocol using ABR and GdT1W MR imaging in
the investigation of suspected acoustic neuroma
with a protocol using GAT1W MR imaging only
after audiometry. The study was conducted in India
with unit costs for GATIW MR imaging and ABR
based on those operating at the hospital in which
the study was conducted (although it is not stated,
one assumes that these reflect charges levied on
users). In total, 18 patients were unsuitable for ABR
in the study. Among the remainder, all received
ABR and GdT1W MR imaging. ABR had 100%
sensitivity among those tested (as confirmed by
GdT1W MR imaging results) and cost one-fifteenth
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of GATIW MR imaging (US$13.33 versus US$200).
If all 90 patients were to receive GATIW MR
imaging after audiometry, diagnostic costs would
have been US$18,000. If only the 18 unsuited

to ABR and the 30 whose ABR results suggested
retrocochlear pathology were to receive GAT1IW
MR imaging, all others receiving only ABR, total
costs would have been US$10,800. This indicates
that a diagnostic algorithm incorporating ABR as
an initial screen followed by GAT1IW MR imaging is
more cost-effective than one deploying GATTW MR
imaging immediately. This study thus apparently
contradicts that of Carrier and Arriaga' as well as
the UK studies but is in line with those of Welling
and colleagues''* and Robinette and colleagues.®

At face value, this study offers perhaps the

most convincing evidence of the various studies
examined thus far that a diagnostic algorithm
incorporating GAT1W MR imaging after initial
screening with ABR is more cost-effective than one
with GAT1W MR imaging after audiometry. The
patient group is unselected and information on
false negatives under the different search strategies
is known (there were none). On closer examination,
however, the patient group studied is found to be
atypical of that likely to be encountered in most
Western hospitals. Of the six tumours detected
among this group, four were in excess of 1.5cm in
size and two were 3 cm in size. These are somewhat
larger than is typically the case in other studies
(see Chapter 4, Growth). This clearly explains the
high sensitivity of ABR in this study (see Chapter
2, Comparison of the use of auditory brainstem
response with the use of magnetic resonance
imaging). Moreover, although the unit cost of
GdT1W MR imaging is broadly comparable to that
reported in other studies, the unit cost of ABR does
seem somewhat cheap. Although the study does
appear valid — even in the absence of a sensitivity
analysis — whether the results are applicable to a
UK setting is highly questionable.

GdTIW MR imaging versus non-
contrast-enhanced MR imaging

The study by Daniels and colleagues''® compares

a diagnostic algorithm that deploys non-contrast-
enhanced MR imaging as a first test after
audiometry with a diagnostic strategy in which
ABR is used as a screen followed by GATIW MR
imaging. Unit costs are based on the charges levied
at the study institution and are US$245 for ABR,
US$1200 for GATIW MR imaging and US$415 for
non-contrast-enhanced MR imaging. The patient
group studied is selected, comprising only those
who have experienced sudden SNHI. The sample
includes 58 individuals, and the use of various tests

is based on a retrospective review of patient notes
regarding ABR testability and results. Those who
were not ABR testable were assigned the cost of
GdT1W MR imaging (this being the diagnostic test
they would have been referred to) and those who
were ABR testable were assigned the cost of an ABR
and the cost of GAT1IW MR imaging if their ABR
results were abnormal (for those with normal ABR
results five cycles of audiometry follow-up were
assigned).

Total costs for the ABR/GdT1W MR imaging
protocol for the 58 patients were estimated as
US$52,175. Using non-contrast-enhanced MR
imaging as the sole test after audiometry, total costs
were estimated as $24,070, a difference of $485
per patient evaluated. If we assume that the two
protocols are equally effective in the diagnosis of
tumours this would indicate that the non-contrast-
enhanced MR diagnostic protocol is more cost-
effective than the traditional protocol. If, more
realistically, we assume that the traditional protocol
is less sensitive than non-contrast-enhanced MR
imaging (because of the role of accorded ABR),
more false negatives would be associated with

the traditional protocol and costs associated with
complications and long-term sequelae would also
be higher. Interpreting this as a cost-minimisation
study it seems reasonable to assume that, for this
patient group, the extent to which non-contrast-
enhanced MR imaging is more cost-effective than
the traditional protocol is underestimated. The
extent of any overestimation though is impossible
to assess.

An attempt at a sensitivity analysis is undertaken in
this study. In the sensitivity analysis the percentages
of patients that one would expect to be ABR
non-testable and, of those who are ABR testable,
that one would expect to exhibit abnormal ABR
results are estimated for a hypothetical cohort of
100 patients. Rates are based on a meta-analysis

of the literature for patients with sudden SNHI.
Under these revised assumptions the non-contrast-
enhanced MR imaging protocol was estimated to
have a slightly lower saving of US$431 per patient
associated with it relative to the ABR/GdT1W MR
imaging protocol.

A key issue with this study, however, (echoing the
criticisms levelled at a number of the other studies
already examined) is that the findings relate to

a selected (and in this case very specific) patient
group — namely those who have experienced
sudden SNHI. This group represents only a small
proportion of those who experience acoustic
neuroma — reported as 5-15% in this study based
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on the literature (see Chapter 4, Symptoms).
How representative the detection rates and costs
associated with the different diagnostic strategies
applied to this group are for the other 85-95% is
unclear (the authors make no claims in regard to
this broader group).

A second issue with the paper (as with various
others) is the absence of a formal sensitivity
analysis. Although the unit costs deployed, for
example, are in line with those contained in several
of the studies already examined, as has already
been noted, considerable variation in costs exists
in the literature and the costs reported here are
somewhat more expensive than those reported by
other studies. A sensitivity analysis would have let
the authors identify the range over which costs
could vary without effecting their conclusions.
Similarly, based on the literature, the paper reports
the sensitivity of non-contrast-enhanced MR
imaging as 100%. This is by no means universally
agreed (as discussed below). The authors could
have used sensitivity analyses to explore the range
of sensitivities for non-contrast-enhanced MR
imaging and ABR for which one protocol was more
cost-effective than another in this patient group;
however, no such analysis was undertaken.

In the study by Allen and colleagues,** a patient
group with more general symptoms was examined
with non-contrast-enhanced MR imaging and
conventional GATIW MR imaging to determine
the relative cost-effectiveness of the two imaging
approaches. A group of 25 patients with GAT1IW
MR imaging-confirmed diagnoses of acoustic
neuroma and 25 control subjects were evaluated

in blinded readings of non-contrast-enhanced

MR images and GdAT1W MR images by four
neuroradiologists. GATTW MR imaging was
assumed to have 100% sensitivity and non-
contrast-enhanced MR imaging was demonstrated
in the study to have 98% sensitivity. Unit costs
were based on billable charges; for GATIW MR
imaging the unit cost was US$1200 and for the
non-contrast-enhanced MR examination the unit
cost was US$400. The authors assert that there is
no statistical difference between the two tests in
terms of the results obtained but that non-contrast-
enhanced MR imaging is US$800 cheaper per test
than GdT1W MR imaging and therefore more cost-
effective. The non-contrast-enhanced MR imaging
protocol indeed can be made even cheaper by
removing unnecessary ABR and impedance testing
from the GdT1W MR imaging protocol and made
more effective by deploying a more refined search
approach (taking thinner sliced images), which

is now possible. In effect, the study amounts to a
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cost-minimisation analysis in which non-contrast-
enhanced MR imaging is clearly less costly.

However, the false-negative rates reported in

the study indicate that GdT1W MR imaging and
non-contrast-enhanced MR imaging are not
equally effective despite their treatment as such

by the authors in this study. It follows that a cost-
minimisation analysis is not appropriate here. The
cost of missed tumours should have been factored
into the analysis. Although the low false-negative
rates may make it unlikely that this would have
effected the result (non-contrast-enhanced MR
imaging would have remained the more cost-
effective strategy), no sensitivity analyses were
undertaken that could perhaps have addressed this
issue. A further issue commented on by Jackler®" is
whether the high sensitivity achieved at this centre
could reasonably be expected to be replicated
elsewhere. Other centres are unlikely to have the
experience and expertise in the use of the non-
contrast-enhanced MR technology that exists at
this site. Other centres may not achieve the high
sensitivity achieved here and may experience
higher false-negative rates (and costs associated
with these). Thus, the study’s findings must be
treated with some caution, especially given the
small sample size involved.

The study by Marx and colleagues,* although

not claiming to examine cost-effectiveness,
nevertheless contains information from which an
assessment of cost-effectiveness can be made. The
study compared the sensitivity of non-contrast-
enhanced MR imaging with GdTTW MR imaging
prospectively in 25 patients whose history, physical
examination and audiometry results gave rise to

a suspicion of acoustic neuroma. Patients were
investigated with both protocols; all tumours
detected with GATTW MR imaging were detected
with non-contrast-enhanced MR imaging giving
100% sensitivity. The cost of non-contrast-
enhanced MR imaging is reported as being
one-third of that for GAT1IW MR imaging at this
institution, although no actual figures are given.
The lower cost is attributed to a shorter scan time,
absence of contrasting and a reduced number of
printed images.

The study’s strength is its prospective design of
an unselected group of patients. That the study
group exhibited many smaller tumours — as small
as 4mm — adds weight to the contention that non-
contrast-enhanced MR imaging is as sensitive as
GdT1W MR imaging (the average size of tumours
in the group was 1 cm), although the fact that

this is a small sample studied by an experienced
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team and that these are results obtained in a trial,
in which greater care is deployed than might be
under normal circumstances, may all have affected
the outcome. The advantages of GdTIW MR
imaging in detecting other pathology are, as the
authors point out, also perhaps worth considering.
The authors are cautious in recommending non-
contrast-enhanced MR imaging over GdT1W

MR imaging commenting on the need to ensure
that the skills of the team using the technology
are adequate. In as much as this was not a cost-
effectiveness analysis the study cannot really

be criticised for failing to conduct a sensitivity
analysis, although one would certainly have been
useful. With these caveats in mind the study does
provide evidence that a diagnostic algorithm
deploying non-contrast-enhanced MR imaging
after audiometry may be more cost-effective than
one relying on GAT1W MR imaging.

Finally, as with Marx and colleagues,® the study by
Tan''" does not purport to be a cost-effectiveness
analysis but it contains information from which
inferences regarding cost-effectiveness may be
drawn. The study relates to 123 individuals who
presented with audiovestibular symptoms indicative
of acoustic neuroma. As non-contrast-enhanced
MR tests that were negative for acoustic neuroma
were not confirmed by GdT1W MR imaging, the
sensitivity of non-contrast-enhanced MR imaging
cannot be assessed in this study. The authors,
however, refer to the literature, including the
study by Allen and colleagues,®* to assert that
non-contrast-enhanced MR imaging may miss
between 6% and 8% of smaller tumours. The

cost of GATIW MR imaging (S$950 or US$627)
is based on billable charges at this institution;
this compares with a cost of S$400 (US$264) for
non-contrast-enhanced MR imaging. The lower
charge is attributed to a shorter scan time as

a result of not using contrast. The authors are
conservative in their conclusions, suggesting that
non-contrast-enhanced MR imaging be used for
those who cannot afford GdT1W MR imaging,
for those whose presenting symptoms indicate a
low probability of acoustic neuroma (e.g. vertigo
and/or tinnitus without SNHI or when the history
suggests that any tumour present is likely to be
large) and in the case of elderly and/or medically
infirm patients in whom no real harm may result
from small tumours missed. GdATTW MR imaging
by inference is still seen as the gold standard and
the test that should be used when a strict budget or
other information does not contraindicate it.

Conclusions

Table 8 provides a summary of the key information
taken from the various papers. Compared with
traditional protocols that deploy what have
essentially become redundant tests such as CT and
ENG, strategies that deploy GAT1W MR imaging
immediately or in conjunction with ABR appear to
be more cost-effective. A consensus on this would
appear to exist based on the work of Welling and
colleagues,'* Robson and colleagues,” Saeed and
colleagues,* Ravi and Wells," and Carrier and
Arriaga.' Cheng and colleagues'"® appear to be
the one dissenting voice, but care is warranted in
making these comparisons given the differences

in patient groups, the construction of costs, the
performance of tests and the criteria used to

define ‘abnormal’. The quality of all of these
studies is questionable. Exposure to selection bias,
the failure to include important elements of cost

or assess efficacy convincingly and the failure to
include meaningful sensitivity analyses or assess
incremental cost-effectiveness, as well as differences
in patient groups and the timing of the studies

and the fact that a number of the studies are now
almost 20 years old mean that the results from each
must be treated with some care and comparisons
between them made with extreme caution. That
few of the studies made any reference to any

costs borne by the patients and none made any
reference to costs associated with travel related to
repeat visits is also notable, especially as these may
have important implications for compliance with
recall in a wait and watch strategy. The impact of
rapid developments in imaging technology, cost
and patient expectations,''? as well as emerging
evidence in respect of quality of life after surgery,'?
must also be borne in mind [emerging evidence
regarding the relationship between gadolinium and
nephrogenic systemic fibrosis (NSF)/nephrogenic
fibrosing dermopathy (NFD) in patients with
renal failure suggests that additional screening
costs may also be required in relation to its use;
among patients with renal failure this is a further
complicating factor in assessing cost-effectiveness].
Although the evidence base reported in the
literature on cost-effectiveness may lag behind
technical developments and emerging evidence,
such developments should not be ignored.

121

The two studies that compared ABR/GdTIW MR
imaging protocols with a direct to GATIW MR
imaging protocol after audiometry — Robinette
and colleagues®™ and Rupa and colleagues®” —
both concluded that interposing an intervening
screen was more cost-effective than going directly
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to GdTIW MR imaging. These studies were
among the strongest of those reviewed in terms

of study design although, the study by Rupa and
colleagues® related to a relatively small sample
size and a group of tumours that were somewhat
larger than one might typically expect. That
sensitivity analyses did not cover variations in test
costs — although such variations clearly exist in the
literature — is an issue.

The three studies that compared non-contrast-
enhanced MR imaging with GdT1W MR imaging
— Allen and colleagues,** Marx and colleagues® and
Tan'"” — each found non-contrast-enhanced MR
imaging to be a more cost-effective test for acoustic
neuroma than GdT1W MR imaging. However, as
expressed by several of the authors themselves,
and as noted by Jackler,”! caution is warranted in
the interpretation of these results. In particular,
whether other centres would experience the high
sensitivity of non-contrast-enhanced MR imaging
exhibited at these centres is debatable. It must also
be borne in mind that these studies are now either
approaching or over 10 years old.

The one remaining study, that by Daniels and
colleagues,''® compares non-contrast-enhanced
MR imaging with a protocol deploying ABR and
GdT1W MR imaging in the search strategy. This
study found that non-contrast-enhanced MR
imaging is more cost-effective than the ABR/
GdT1W MR approach. In all four of these studies
the absence of a formal sensitivity analysis is
problematic.

Cost-effectiveness model
Introduction

None of the acoustic neuroma diagnostic
algorithms reviewed in the previous sections was
considered by the clinical experts in this project to
closely resemble current practice in the NHS. ABR
does not currently have a role in the investigation
of acoustic neuroma in the UK except in cases

in which imaging cannot be used. The cost-
effectiveness of a screening strategy for acoustic
neuroma that included ABR was therefore not
assessed.

Among the other imaging algorithms several were
somewhat dated, reporting sensitivity rates that
are at odds with those currently attainable with
the technology. Others, again because they are
now quite dated or because of location, assumed
much lower access to imaging technology (which
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in turn had implications for the stage at which
tumours were detected) than is currently the case
in the UK. For example, the model of Welling
and colleagues'* is now almost 20 years old. In

the intervening period not only have equipment,
techniques and costs changed but so too has our
knowledge (e.g. the relatively low sensitivity of
ABR in the detection of small tumours has become
apparent). Similarly, although more recent, the
study by Rupa and colleagues®” was carried out

in an area where access to scanning equipment is
much lower than in the UK (it is notable that this
study® reports an average tumour size of 1.73 cm,
with one-third of the tumours detected in the study
being 3 cm in size).

Rather than deploy models that were thought

not to reflect current practice in the UK to assess
cost-effectiveness, it was decided to construct a
diagnostic protocol based on the best available
published evidence following consultation among
the authors of this report. The model that resulted
from our deliberations is presented in the form

of a decision tree in Figure 10 and assesses the
cost-effectiveness of a screening strategy in which
imaging begins with non-contrast MR imaging
(non-contrast MR imaging covering any of the two-
dimensional or three-dimensional T2W or T2*W
sequences with differing acronyms) compared
with that of a screening strategy in which imaging
begins with contrast GAT1W MR imaging.

Methodology of the model

In our decision model an NHS perspective is
taken. A cost-minimisation approach is adopted on
the assumption that both algorithms are equally
effective in the detection of acoustic neuromas (see
Figures § and 9). A decision tree is used to describe
the algorithm and point estimates of costs based
on the parameters of the model under a range of
assumptions derived.

In the model, all patients receive a physical
examination, a patient history is taken and
audiological tests including pure tone and speech
discrimination are conducted. When an acoustic
neuroma is suspected based on the results of these
examinations, patients are referred initially to
non-contrast MR imaging. The small percentage
of patients for whom MR imaging is unsuitable
because of claustrophobia, obesity and/or
implanted metal (perhaps 5%) are not included

in the imaging protocol as such patients would
not be scanned; these patients would be referred
instead to alternatives such as ABR or CT scanning.
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— —ve 86%*
Audiology Axial T2W Brain and
Suspected High resolution T2Wor |[—
AN T2*W view of the IACs

— +ve 14%* —

No follow up 95%
True —ve 99% {
Follow up 5%

No follow up 95%
False —ve 1% {
Follow up 5%

__ False +ve
for AN 0.9%

Recall for Gd

Serious incidental pathology (1%)?
Will often require further imaging

| True +ve (99%)
All pathologies

__Incidental pathology with uncertain
significance (8—10%) 8.32%

Recall for further sequences |5%:
| —to resolve diagnostic uncertainty
— pre intervention (surgery or RT)

L Suspected AN — pre follow up

(3:-5%) 3.78%

Not recalled 85%
— Delayed clinical or MRI follow up

FIGURE 10 Patient pathway for cost analysis. Sources: ‘Dawes et al., 2000** and *Daniels et al., 20007 other percentages estimated
based on consensus opinion. AN, acoustic neuroma; Gd, gadolinium; IAC, internal auditory canal; MRI, magnetic resonance imaging; RT,

radiotherapy.

This group would be equally unsuited to contrast
and non-contrast imaging and would affect both
protocols equally, their effects on costs cancelling
each other out.

Six possible outcomes emerge from the non-
contrast MR imaging. An individual may be:

* correctly diagnosed as having no pathology
(true negative)

* incorrectly diagnosed as having no pathology
(false negative)

* incorrectly diagnosed as having an acoustic
neuroma (false positive)

* diagnosed as having serious incidental
pathology

* diagnosed as having incidental (non-serious)
pathology

* diagnosed as having or suspected of having an
acoustic neuroma (subset are true positives).

Among true negatives the patients can be either
followed up or not followed up. Follow-up (in

line with Welling and colleagues.''*) is assumed

to consist of 5 years of audiometry tests (one test

in each successive year) after which no further
follow-up or investigation take place, the diagnostic
protocol being considered to be complete.

False negatives can also be followed up or

not. Follow-up is as detailed above. Those not
followed up are assumed in the base case not to
present further costs; that is, no complications or
adverse effects are assumed to arise from their
misdiagnosis. This is at odds with the assumptions
made in several of the papers reviewed, but is
considered to more accurately reflect current
knowledge. Having screened patients with
audiometry and a physical examination as well

as non-contrast MR imaging it is unlikely that
anything but the smallest of tumours would

be missed. The lack, or slow rate, of growth of
tumours'? would support the view that no further
costs are incurred. The impact of relaxing this
assumption on cost-effectiveness (assuming that
a cost is associated with false negatives that are
not followed up) is examined in a series of one-
way sensitivity analyses (discussed below). Among
all negative results, the diagnostic algorithm is
considered complete at this stage.

Non-contrast MR results indicative of pathology
(abnormal results) can be true or false positives.
Among the true positives (in which an abnormality
of some type is seen to exist), non-contrast MR
results may clearly identify the pathology to be
other than an acoustic neuroma (e.g. meningioma).
Among this ‘other’ true pathology group, the
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pathology may be identified as serious and require
further investigation, or may be identified as not
presenting an issue and deemed not to warrant
further investigation. In respect of both types of
‘other’” pathology, however, acoustic neuroma is
assumed to be definitively ruled out and no further
investigation related to diagnosis of neuroma is
required. The identification of ‘other’ pathology
in other words completes the diagnostic protocol
for these groups in respect of acoustic neuroma.
Whether further scans are required or not, no
further costs in respect of neuroma are involved.

Among those whose non-contrast MR results
indicate evidence of a neuroma, further scanning
sequences may be requested or it may be decided,
based on evidence available from the non-contrast
MR imaging, that no further scans are required.
For those in whom a further scan is indicated,

the scan used will be contrast-enhanced GdTTW
MR imaging. The costs of further scanning are
included in the diagnostic protocol. When no
further scanning is required, no further diagnostic
costs are assumed to arise. At this stage (having
decided to have further scans or that no further
scans are required) the diagnostic protocol is
assumed to be complete.

Finally, for the false positives emerging from
non-contrast MR imaging we assume that all are
referred to contrast-enhanced GAT1W MR imaging
to definitively rule out pathology. The performance
of the contrast-enhanced GdT1W MR imaging

is again assumed to terminate the diagnostic
protocol for this group, with them emerging with a
definitive diagnosis excluding neuroma.

The probabilities associated with movement along
different routes of the diagnostic pathway were
based, when possible, on data taken from the
literature. When such data were not available,
consensus opinion from among the authors was
used. Probabilities are shown in Figure 10. By way
of example, between 12% and 14% of patients are
assumed to emerge from non-contrast MR imaging
with an indication of pathology. These figures are
based on data from Daniels and colleagues®” and
Dawes and colleagues™ respectively. Considering
the 14% figure, less than 1% (we assumed
conservatively 0.9%) are false positives, 1% have
serious incidental pathology, between 8% and
10% (8.32%) have incidental pathology of minor
significance and between 3% and 5% (3.78%)

are diagnosed with acoustic neuroma (total

14%). The percentage of patients with suspected
neuroma (3-5%) was again taken from Dawes and
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colleagues® and Daniels and colleagues®. These
publications describe large screening populations.
The percentages reported, however, depend

on the pretest selection for MR imaging in the
respective populations. Some UK operators may
regard this incidence as high, based perhaps on
less discriminating selection criteria for screening
in their populations; however, the estimates are
considered reasonable by the authors.

Costs associated with contrast MR imaging (£233)
and non-contrast MR imaging (£151) were taken
from correspondence with ENT departments in
the UK undertaken by the group; audiometry costs
(£85) were taken from a review of reported charges.
When follow-up involving audiometry is required,
the protocol assumes that the individual concerned
receives one examination each year for 5 years
subsequent to the initial investigation. A discount
rate of 3.5% was applied to costs to ascertain their
present value. When additional scans beyond
non-contrast MR imaging are required, these are
assumed to take place within the same calendar
year, no discounting therefore being necessary.

Results

Using these percentages and costs, the expected
cost of processing 100 hypothetical patients
through the protocol (excluding initial audiometry
and examination, which all patients receive) is
estimated at £16,121.26 (or £161.12 per patient).
This compares with a cost, were a patient to
proceed immediately after audiometry and
examination to contrast MR imaging (based

on suspicion of pathology), of £233 per patient

or £23,300 for 100 patients. If 3-5% of those
investigated ultimately are found to have an
acoustic neuroma, and the total cost of these initial
tests for 100 patients is £16,121, this contributes
£3224-5374 to the cost per case detected. Clearly,
under the assumptions detailed, a protocol that
involves non-contrast MR imaging as an initial
screen before deployment of contrast MR imaging
is more cost-effective in the diagnosis of acoustic
neuroma than one that deploys contrast MR
imaging directly.

In Table 9, the expected costs for which the
assumptions used in the model have been adjusted
are reported. In scenario 1, the base case model
identified above is presented together with the net
additional cost associated with pursuing a strategy
of contrast imaging all patients instead. As can

be seen, a ‘contrast all’ strategy would cost an

additional £71.79 per patient.
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TABLE 9 Cost and relative cost-effectiveness of a non-contrast screening strategy relative to contrast MR imaging for all patients after

initial audiometry and examination

Costs (£)
Non-contrast- GdTIW
enhanced MR MR
Scenario Non-contrast screening strategy imaging imaging Difference
I Base case (see Figure 10) 161.21 233.00 71.79
2 As in base case, but percentage of normal results on non- 160.88 233.00 72.12
contrast imaging is 88%?
3 As in scenario |, but percentage of non-contrast followed 168.01 233.00 64.99
up is 10% rather than 5%
4 As in scenario 2, but percentage followed up is 10% rather 167.83 233.00 65.17
than 5%
5 As in scenario |, but 1% of false negatives not followed 162.71 233.00 70.29
up suffer profound unilateral sensorineural hearing
impairment as a result®
6 As in scenario |, but 10% of false negatives not followed 176.16 233.00 56.84
up suffer profound unilateral sensorineural hearing
impairment as a result®
7 As in scenario 4, but 10% of false negatives not followed 183.13 233.00 49.87
up suffer profound unilateral sensorineural hearing
impairment®
8 As in scenario 4, but 10% of false negatives not followed 251.79 233.00 -18.79

up suffer profound bilateral sensorineural hearing

impairment®

a The percentage of normal results here is drawn from Daniels et al.”’

b The age of patients at investigation is assumed to be 50. Median income for 40—49 year olds in 2006 in the UK was
approximately £26,416 (www.statistics.gov.uk/cci/nugget.asp?id=285). This is assumed to remain constant in real terms
until retirement at age 65. Profound unilateral sensorineural hearing impairment is assumed to be equivalent to a loss of
productivity of 6%, this figure being that quoted by Welling et al.''* based on American Medical Association guidelines. A
discount rate of 3.5% is used to calculate the present value of the associated lost earnings.

c A loss of productivity equal to 35% is assumed in the case of bilateral sensorineural hearing impairment.

In scenario 2, a model which assumes that 88%

of those scanned with non-contrast MR imaging
are normal (12% abnormal) and that all other
assumptions are as in the base case is presented.
As can be seen, the slightly lower hit rate for the
detection of pathology results in savings associated
with subsequent MR investigations on selected
groups. This improves the cost-effectiveness of the
non-contrast imaging screening strategy relative
to imaging all patients with contrast MR. The

net saving per patient of a non-contrast screen is

£72.12.

In scenario 3, a detection rate of 86% for pathology
from non-contrast MR imaging is again assumed,
but rather than only 5% of those in whom no
pathology is suspected being followed up (95% not
followed up), 10% are now followed up (90% not).
The additional follow-up effort is seen to reduce
the cost-effectiveness of the non-contrast MR
screening strategy relative to a ‘contrast all’ MR

imaging strategy. This is as one would expect given
that non-contrast MR imaging now has additional
follow-up tests associated with it. In scenario 4,
similar results are found when the percentage of
patients in whom pathology is suspected after non-
contrast MR imaging is 88% rather than 86%, all
other assumptions remaining unchanged. Under
the base case assumptions, varying the percentage
of normal to abnormal results within reasonable
ranges seems unlikely to affect the conclusion that
a non-contrast MR screening strategy is more cost-
effective than contrast imaging all patients.

If we assume that 1% of false negatives develop
unilateral SNHI associated with a failure to detect
neuroma, costs associated with a non-contrast
MR screening strategy will increase relative to a
‘contrast all’ image approach. Assuming a loss of
productivity equal to 6% of earnings for anyone
whose neuroma is missed (in line with Welling
and colleagues''), the cost-effectiveness of the
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non-contrast screening strategy is seen to fall
(scenario 5 relative to scenario 1). (Unilateral

and later bilateral hearing loss are used here as
examples of costs that could arise from the failure
to detect false negatives. As noted in the previous
chapter, other adverse events can occur including,
in rare and extreme cases, death.) Nevertheless,
the non-contrast screening strategy remains
relatively more cost-effective than a ‘contrast all’
image strategy. This is in part because the strategy
continues to be highly sensitive (giving rise to very
few false negatives) and in part because only a
small percentage of these false negatives develop
significant complications as a result of having been
missed. Scenarios 6 and 7, in which 10% rather
than 1% of false negatives are assumed to develop
profound hearing impairment (the percentages of
abnormal results and of those followed up varying
between the two scenarios), continue to show non-
contrast MR imaging as being more cost-effective
than contrast MR imaging for all patients, although
the relative cost-effectiveness, as one would expect,
is reduced. Of the scenarios presented, it is not
until we assume that 10% of false negatives develop
very significant problems (bilateral profound
SNHI, scenario 8) that a direct to contrast imaging
protocol is seen to be more cost-effective than the
non-contrast MR imaging screening protocol. This
extreme case is thought to be unrealistic given the
observations in the literature.
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Conclusions

A comparison of the models presented here
indicates the cost-effectiveness of a non-contrast
MR screen before contrast MR imaging relative

to the cost-effectiveness of a direct to contrast MR
imaging strategy for all patients in the investigation
of acoustic neuromas. This analysis is supported
by the series of one-way sensitivity analyses in
which case detection rates, costs associated with
false negatives and the percentage of patients with
negative non-contrast MR imaging results followed
up are varied within plausible ranges.

Based on current UK practice, we have not
compared the cost-effectiveness of an initial non-
contrast MR screening strategy with one that
includes ABR.

It is our assessment that a diagnostic algorithm
that deploys non-contrast MR as an initial imaging
screen in the investigation of acoustic neuroma is
more cost-effective than available comparators.
This finding is in agreement with those of Allen
and colleagues® and Marx and colleagues.® It is
again worth stating, however, that both technology
and costs are evolving rapidly and therefore cost-
effectiveness is likely to change.
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Chapter 4

Natural history of acoustic neuroma

Introduction

This chapter addresses the question ‘What is known
about the natural history of acoustic neuroma?’

in relation to the underlying principal objective

of the study, which was to investigate the place of
MR imaging in the investigation of patients with
symptoms that might indicate the presence of an
acoustic neuroma.

The key element of the natural history is therefore
knowledge of the extent of the problem, including:

* the incidence and prevalence of acoustic
neuroma

* the characteristics of patients presenting for
investigation

* the characteristics of patients diagnosed with
acoustic neuroma

e the clinical characteristics of acoustic neuroma
growth.

This chapter reports the findings from a systematic
review examining these areas under three
headings: epidemiology, symptoms and growth.

Methods
Search strategy

The search terms used and databases searched to
identify articles for possible inclusion in the natural
history review are listed in Appendix 1.

The flow chart in Figure 13 (Appendix 2) details
the number of references found and the exclusion
of irrelevant references at each stage of the review
process. The initial search yielded 3330 titles,
which was reduced to 2455 after exclusion of
duplicates. All titles were reviewed by at least two
members of the research team and a further 2050
references were excluded as not being relevant to
the review. The remaining 405 titles were reviewed
by the content experts for the theme (TN, GO’D,
DB) and abstracts sought for 209. In addition,
seven further abstracts were identified from
reference lists and 35 from the proceedings of an
international conference and the searches in the
clinical effectiveness theme. Of the 251 abstracts
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sought, five could not be retrieved, leaving 246
for review, of which 58 were considered to be not
relevant. Seventeen full papers were in a language
inaccessible to the research team, resulting in 171
full papers finally reviewed. A further 70 papers
were excluded at the data extraction stage for the
reasons given in Figure 13, resulting in 101 papers
reporting 89 studies remaining in the review.

The search was updated to cover the period from
October 2006 to August 2008. Six additional
papers were identified that contributed data to
the review as well as one update of a previously
included paper (see Figure 14, Appendix 2).

Quality assessment

Papers were assessed for quality using the CASP
guidelines. Details of the questions used in the
assessment and the score for each paper can be
found in (Tables 29-32, Appendix 3). The four
systematic reviews included in the section on
growth were assessed separately.

Data extraction

The following data were extracted from each
paper:

e author(s) and year of publication

e country in which the study was undertaken

e study design — retrospective, prospective

* dates of the study

e number of patients, age and sex distribution

* length of follow-up

* incidence (if quoted or extractable)

e prevalence (if quoted or extractable)

* number of patients presenting with
audiological symptoms including unilateral
or asymmetric hearing impairment, sudden
hearing impairment, tinnitus, vestibular/
balance symptoms, other symptoms

* number of patients identified from further
investigation to have audiovestibular
impairments, tinnitus or other impairments

e location of acoustic neuroma

* size of acoustic neuroma at diagnosis/entry to
the study (mean, median, range, etc.)

* method of measurement of acoustic neuroma
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* method of measuring growth (e.g. change in
diameter, volume)

* definition of growth

* numbers and percentages of tumours that grew,
were found to be stable or regressed

* growth rates

e predictors of growth

* numbers receiving intervention after a
conservative management approach

* loss to follow-up

* any important additional information or
comments.

Inclusion criteria

Papers were included if they met the following
criteria:

* presented data only on adults over 16 years of
age (or included only a few patients under 16
years of age)

e provided a case definition of at least one of the
following: unilateral SNHI, ASHI, unilateral
tinnitus

* contained adequate data for extraction.

In addition, papers were excluded if they met the
following criteria:

* patients with NF2 could not be excluded

* published before 1990

e presenting data from patients included in the
study only before 1990.

Epidemiology
Introduction

Acoustic neuromas are uncommon in the general
population but they are nonetheless responsible for
about 6% of all intracranial tumours and about 80%
of CPA tumours. Screening for acoustic neuromas
accounts for about 20% of the activity of ENT
departments in district hospitals*” (this percentage
may well have increased over the years since this
study was undertaken) and approximately 3% of

all referrals to a diagnostic imaging department

in a large acute teaching hospital are for scanning
of the internal auditory meatus (Lenthall,
Nottingham, 2007, personal communication).

Risk factors

Public concern that the use of mobile telephones
might increase the risk of brain tumours

because of microwave exposure led to a range of
epidemiological studies designed to estimate any

possible injurious effects, especially of prolonged
use. The proximity of the acoustic nerve to the
handset and hence to the radiation field might

be expected to place the nerve at particular risk.
There is no agreement between studies but it would
appear that, at least in the short term (i.e. less than
10 years of mobile phone use), the risk is likely

to be small; beyond that period the risk seems to
be elevated but it is not sufficiently quantified at
present.'#

Occupational noise exposure has also been
evaluated as a possible risk factor for acoustic
neuroma. Preston-Martin and colleagues'**
compared 86 acoustic neuroma patients with 86
control subjects and reported an odds ratio of 2.2
for noise exposure, which increased to 13.2 for
noise exposure of more than 20 years. The most
recent Swedish study'® examined occupational
noise exposure data for 599 cases of acoustic
neuroma and 101,756 control subjects, and
reported no increased risk of acoustic neuroma
even after allowing for a long latency period.

Using material from a population-based tumour
registry (National Cancer Registry 1961-79),

Haas and colleagues'* evaluated the influence of
pregnancy at the time of diagnosis. Observed cases
for malignancy and meningioma were the same

as for a control population, except for acoustic
tumours, the latter presenting more frequently
during pregnancy. Although interesting, this
finding has not been independently replicated.

Incidence and prevalence

Various attempts have been made to evaluate the
incidence and prevalence of acoustic neuroma in
the general population. Original attempts were
based on hospital autopsy studies. These studies
represented a valuable source of tumour material,
but their usefulness is restricted by limited
availability. Hardy and Crowe'?” examined the
available autopsy material at the Johns Hopkins
Hospital in Baltimore, representing material
from 1928 to 1941, and found six tumours in the
250 temporal bone pairs (2.4%). Leonard and
Talbot,'?® in a later series of similar size from the
same institution, revealed acoustic neuromas in
0.8% of subjects. In the Hamburg series based
on the Wittmaack Collection,'* 1720 temporal
bones were collected between 1906 and 1945; 30
tumours were identified, many of them (n =22)
being large tumours. In the Harvard temporal
bone collection," in 893 temporal bones from
517 individuals, five tumours were diagnosed. The
authors considered that ‘the finding of acoustic
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neuromas in 0.9% of individuals in this series
indicates the high incidence of this tumour in

the general population’. However, to suggest that
findings in a temporal bone collection reflect the
incidence in the general population is not tenable
given the highly selected provenance and small
sample size of the material in such collections.
Interestingly, they also commented that ‘the
location and size of these tumours indicate that
clinical diagnosis would have been difficult or
impossible by any method of study’, reflecting the
rather crude diagnostic techniques available at that
time.

In 1984, a Finnish study'®' reported an analysis
of 298 temporal bones from 168 cases (129
paired specimens). No occult neuromas were
discovered in the material, although one or two
cases were expected based on previous autopsy
studies. The authors found only one large CPA
acoustic neuroma in a patient who died after a
neurosurgical operation. A further autopsy study
from Copenhagen'* based on a collection of 150
temporal bones revealed eight (2.4%) acoustic
tumours.

Tos and colleagues'*? have used the above data to
infer tumour incidence in the general population
(1.e. the number of new cases of acoustic neuroma
in 1 year), which resulted in conservative estimates
of acoustic neuroma of 8000 tumours per million
population, which they recognised as totally
unrealistic. Although autopsy studies might at best
give an idea of prevalence (i.e. the total number
of cases of acoustic neuroma in the population at

a given time), they are unlikely to provide data on
incidence. Some authors have also confused the
terms ‘incidence’ (i.e. the number of new cases of
a disease during a given time interval, usually 1
year) and ‘prevalence’ (defined as the total number
of cases of a disease in the population at a given
time), which has caused confusion in the literature.

The advent of non-invasive diagnostic intracranial
imaging by means of CT and MR imaging has
afforded another means of assessing the prevalence
in the general population. Thus, more recently,
epidemiological studies (e.g. from tumour registries
and population-based studies), clinical studies
based on referral to specialist units and databases
of confirmed cases, and exploration of MR imaging
findings in large numbers of individuals have been
used to estimate tumour incidence and prevalence.
We present data from such studies that met the
inclusion criteria for this review.
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Results

Table 10 presents an overall summary of the papers
included in the review of epidemiology.

Data from registries

Table 11 details three sets of studies on registry
data. Propp and colleagues'* analysed the
epidemiology of acoustic neuroma using combined
data from central brain tumour registries in the
USA (1975-99). The overall incidence of primary
nerve sheath tumours increased significantly

over the study period, as did the incidence of
acoustic neuroma, whereas the incidence of
benign schwannomas at other sites decreased or
remained static. The annual incidence of acoustic
neuroma was found to be between six and eight
per million person-years. In their data, acoustic
neuroma accounted for 57% of benign intracranial
schwannoma but further scrutiny of data from

Los Angeles county confirmed that acoustic
neuroma accounted for 90% of intracranial nerve
sheath tumours. Acoustic neuroma were found to
occur with equal incidence in men and women,
but the non-white population had a significantly
lower incidence than the white population. The
authors felt that better diagnostic techniques,
especially for the symptomatic elderly, contributed
to the apparent increased incidence. They also

felt that more accurate coding, avoidance of
misclassification and more complete active case
ascertainment would provide a much more accurate
picture. Adding to the difficulty is that many cases
are now ‘diagnosed’ on imaging without having
histological confirmation (as biopsy alone would
require major surgery), thus the accuracy of the
diagnosis in these cases is open to question; in
addition, these histologically unconfirmed cases
may not be reported to a tumour registry.

In 2005, Evans and colleagues'** reported
incidence data from the North West of England,
accrued from the major neurosurgical centres and
cross-referenced with the regional tumour registry
(data from 1990 to 1999). From a sample of 419
sporadic acoustic neuroma and 64 NF2-related
acoustic neuroma, they estimated the incidence of
acoustic neuroma as 1.04 per 100,000 population
per year in the first 5 years of the study period,
increasing to 1.4 per 100,000 population in the last
5 years. They also pointed out that more acoustic
neuroma than previously considered were the result
of NF2, due to a greater awareness of the mosaic
forms of this disease. An epidemiological study

of the incidence of brain tumours in Devon and
Cornwall confirmed that the incidence of cranial
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nerve tumours (unspecified) was approximately
2.3 per 100,000 person-years, with the peak in
incidence between the fifth and sixth decades, the
precise incidence of acoustic neuromas not being
stated.'*

The leading studies on epidemiology have
come from Denmark (population 5.2 million),
in large part because of the establishment of a
comprehensive database for these tumours in
1975. In this central register, data are entered
from all neurological and otological clinics in
the country on all confirmed tumours. This
has resulted in sequential publications® 22152150,
covering the time span from 1975 to 2001, oftering
the most comprehensive data yet available on
the epidemiology of these tumours in a stable
population of meaningful size.

The incidence of these tumours has changed over
the years since data collection commenced.®*!%?
There has been a dramatic decline in the incidence
of giant tumours (>40mm extracanalicular
extension), from 28% initially down to 1%, with

a commensurate increase in tumours with an
extracanalicular extension of 11-40 mm; the
incidence of small tumours (between 1 and 10 mm
extracanalicular extension) has remained steady

at 20%. The mean size of the extrameatal portion
of the tumour has dropped from 28 to 16 mm.
These improvements are largely attributable to the
advent of MR imaging and increased accessibility
to the technology over time. In particular, the
non-invasive nature of MR imaging has resulted in
the evaluation of elderly patients who might not
otherwise have been fit to undergo more invasive
assessments. Also, there has been a reduction in
the time taken for patients to seek advice (‘patient
delay’) and physician time to respond (‘doctor
delay’) because of greater awareness and public
education. Patient organisations (acoustic neuroma
support groups, tinnitus groups, etc.) have also
played a very positive role in creating a much more
informed and demanding public.

Clinical studies based on referral

to specialist units and databases

of confirmed cases

Table 12 summarises the studies that have reported
incidence data for populations of patients
confirmed to have acoustic neuromas, and Table 13
summarises the prevalence data from papers that
examined populations of patients presenting with
various audiovestibular symptoms suggesting the
possibility of acoustic neuroma.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

In Manitoba, Canada, Frohlich and colleagues'®’
reported an overall incidence of acoustic neuroma
of 1.27 cases per 100,000 per year, with differences
reported in the incidence and peak age between
men and women; however, numbers in this study
(n = 69) were small.

Moftat and colleagues,'*® evaluating the population
in the greater Cambridge area in the UK, estimated
an overall annual incidence for 1981-91 of 2.02
per 100,000 per year, which was an exceptionally
high incidence for this time period (before

routine MR scanning). In 2002," an incidence

of 0.83 was reported and the authors estimate

the overall incidence to be 1.36 per 100,000 per
year accounting for changes in the catchment
population. Mean tumour size at presentation

in the period 1982-2002 (1.8-3.0cm) showed a
slight trend towards an overall decrease, which was
paradoxically accompanied by an increase in the
numbers of large tumours (e.g. those > 45 mm).

The incidence of acoustic neuroma in the South
African population has been reported by Seedat
and colleagues'* as being approximately 0.3 per
100,000 population per year; interestingly, racial
differences were apparent, with the incidence
among the white population being significantly
higher than that among the black population.
Whether this represents a true racial difference
in the susceptibility to develop these tumours or
whether it reflects social and economic factors is
uncertain; for instance, of the 65 MR imaging
units in South Africa, 63 are in the private sector,
resulting in restricted access for the poorer (black)
population.

Szyfter and colleagues'' undertook a study of the
epidemiology of acoustic neuroma in the Polish
population based on questionnaires sent to seven
neurosurgical and three ENT centres to determine
the numbers undergoing surgery in an indicative
year (1997-8). In total, 72 patients underwent
surgery, equating to an annual surgical incidence
of 1.9 acoustic neuroma per million population;
however, the true incidence (as distinct from the
surgical incidence) of these tumours in the general
Polish population could not be assessed.

The prevalence of acoustic neuroma reported in
Table 13 for symptomatic populations varies from
0% to 6.1%. The design of each study was different,
and the populations studied were heterogeneous
in terms of age, sex and presenting symptoms, and
firm conclusions cannot be drawn.
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Study
Frohlich et al., 1993'¥7

Moffat et al., 1995'38

Moffat et al., 2004'*°

Seedat et al., 2002'%°

TABLE 12 Data from studies of patients confirmed to have acoustic neuroma

Number of Study

Study population patients date Age (years) Sex

Patients with surgically or 69 (2 = bilateral) 1987-91 NR M 51%; F 49%

radiologically confirmed AN

Patients with confirmed AN 321 1981-93 52.1 (SD M 47.4%; F 52.6%
12.3)

Patients with confirmed AN 626 1994-2002 54.8 (SD M 49.2%:; F 50.8%
13.7)

Patients diagnosed with AN 115 2000 NR M 52%; F 48%

AN, acoustic neuroma; F, female; M, male; NR, not reported; SD, standard deviation.

Study

Taliet al., 1993'3¢
Kwan et al., 2004'*!

Dawes et al., 20003

Urben et al., 1999'4
Verret et al., 2006'4

Daniels et al., 2000%7

Carrier and Arriaga,
19973

Dawes and Basiouny,
1999%

Sheppard et al., 19963

Saunders et al., 1995'%

Schick et al., 2001 '+

Kosugi et al., 2004'

Fitzgerald and Mark,
199847

Study population

Consecutive patients referred for suspected AN

Patients with sensorineural/mixed hearing impairment

Asymmetric hearing loss > 20dB at two adjacent frequencies or
< 20dB plus neurological signs. Unilateral tinnitus, Meniere’s triad,
sudden hearing loss

Patients with ASHI > 10dB at two frequencies or > 15dB at one
frequency

Patients with isolated ASHI > |5dB at one frequency or > 10dB at two
frequencies

Patients with isolated unilateral or asymmetric bilateral SNHI

Patients with ASHI or unilateral non-pulsatile tinnitus
Patients with unilateral tinnitus only

Patients with asymmetric audiovisual symptoms

Patient-documented SHI

Consecutive patients with SHI, unilateral tinnitus and/or vestibular
disorders

Patients with SHI (unilateral > 30dB)
Patients with SHI

TABLE 13 Prevalence data from patients presenting with symptoms suggesting the possibility of an acoustic neuroma

Age (years), mean
(range)

NR

NR

NR

51+13.2
55 (20-84)

> 18
NR

50 (23-76)

From 10-19 to 80-89

NR
49 (8-86)

45.4 (15-91)
45 (13-79)

AN, acoustic neuroma; ASHI asymmetric sensorineural hearing impairment; F, female; M, male; NF2, neurofibromatosis

type 2; NR, not reported; SHI, sudden hearing impairment; SNHI, sensorineural hearing impairment.
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Incidence per 100,000 per year Comments Tumour size

1.27; M: 131, F: 1.24 Incidence peak for females at 60—69 years <lecm=10 (14.1%); I.1-
(4.1/100,000) then decline; incidence peak for 2.5cm =40 (56.3%); 2.6—
males at 50-59 years (3.3/100,000) then plateau.  4.0cm =17 (23.9%); >4cm =4

(5.6%)

1981-91:2.02 1982-2002: 1.8-3.0cm

2002: 0.83; 1981-2002: 1.36

0.3 overall; racially white: 1.76, Significant racial differences in incidence — much

racially black: 0.01 (based on n =95) more rare in blacks. In telephone survey, some

patients may have been missed or counted twice

Sex Number of patients Study date  Prevalence Comments

NR 411 1986-92 19.5% (80/411)

NR 1821: 132 = +ve, 1999-2001 3% (54/1821) Tumour size: < | cm =22 (40.7%);

54=AN [.0-1.5ecm =15 (27.8%); > |.5cm =17
(31.5%)

NR 1077 1994-7 3.2% (34/1077

M: 66%; F: 34% 325; 193 had diagnostic 19904 2.1% (4/193) 4 ANs found (1 = NF2); AN 29-68 years:

studies 2M,2F

M: 38.4%; F: 61.4% 146 2002-3 0/146

NR 1070 1994-8 5.2% (56/1070)

NR 485 1994-5 1.44% (7/485)

M: 46.0%; F: 54.0% 174 1994-7 0.57% (1/174)

M: 48.5%; F: 51.5% 913 (892 scanned) 1990-3 4.26% (38/892)  21/913 (2.3%) referred could not have
MR because of claustrophobia (17),
pregnancy (2) or patient too large to
enter scanner (2); AN: 16 M, 22 F

NR 836 1989-93 1.5% (13/836)

M:49.2%; F: 50.8% 354 1994-9 1.41% (5/354)

M: 47%; F: 53% 49 2001-3 6.1% (3/49) Age: 42, 43 and 55 years

M: 51.3%; F: 48.7% 78 1989-95 3.8% (3/78)
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MR findings in studies of large
numbers of individuals

Table 14 summarises the data from MR studies

of large numbers of patients who were being
scanned for reasons other than to exclude

an acoustic tumour. These have been used to
estimate the prevalence of acoustic tumours in the
general population. Anderson and colleagues'*®
retrospectively evaluated 24,246 brain MR studies
(19,405 with contrast and 4841 without contrast)
and found seven unsuspected cases of acoustic
neuroma per 10,000 brain MR imaging studies.
They concluded that the true prevalence of acoustic
neuroma is likely to be greater ‘than the 1.0 per
100,000 population per year previously reported’,
but their data (on prevalence) cannot be used to
evaluate the incidence of these tumours. Besides,
it is uncertain how representative MR imaging
data of this kind is of the general population. Lin
and colleagues® studied 46,414 brain scans on
the MR database at the University of California in
San Francisco, and eight tumours were discovered
incidentally (the scans being undertaken for
reasons other than to investigate the presence

of an acoustic neuroma). The figures suggested
that acoustic tumours may be present in at least
0.02% of the population; however, it is difficult to
extrapolate prevalence data in a hospital-based
population to the general population.

Discussion

The Danish data have posed some unresolved
questions. If indeed the true incidence of these
tumours approaches 2 per 100,000 population,
and the numbers actually presenting for treatment
are considerably smaller, what has happened to
those patients (nearly 2500 over a 39-year period)
who, in the authors’ estimation, may have evaded
diagnosis?'®? It is likely that in the vast majority

of these patients the tumours never grew and the
patients lived and died with their tumours but
were never sufficiently troubled by them in life

to seek medical help or, if they sought medical
help, no action was taken. Furthermore, once
identified, which patients should be offered
treatment, treatment that can often negatively
impact on quality of life? What is also puzzling in
the Danish data is that, given greater access to MR
scanning, one might have thought that the mean
age at diagnosis would have decreased significantly
over time; however, this was not the case, with the
median age at diagnosis remaining the same (55
years) over the 26 years of the study. This may,

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

at least in part, be due to the scanning of elderly
patients who would not have previously been
subjected to investigation.

Symptoms
Introduction

In this section, which considers the symptoms

of acoustic neuroma, there is an explicit and
important distinction between symptoms with
which the person presents to seek medical advice
and those additional symptoms that patients may
only volunteer on direct questioning or that are
identified by further investigation. When possible,
this distinction is made in presentation of the data.
When this distinction is not clear it renders analysis
of patterns of presentation of patients with acoustic
neuroma problematic.

An additional point is that variation between the
symptoms reported in series of acoustic neuroma
by authors may reflect differences in the patient
populations, such as size of tumour, distribution,
length of history and perhaps patient age or
gender, and also differences in health-care systems
and technologies.

The advent of MR imaging made it possible to
diagnose smaller tumours than were previously
possible®® and to make more reliable differential
diagnoses between acoustic neuroma and other
CPA lesions and represented a step change in the
ability to accurately diagnose acoustic neuroma.*
However, such technologies did not become
available to all health economies at the same time
and, indeed, access remains limited outside the
developed world.

Each of these factors contributes to the variation

in the reports of symptoms of acoustic neuroma in
the literature and so obscures analyses. It should
also be noted that there is an innate tautology
regarding papers that report symptoms of acoustic
neuroma in that the reported data can only relate
to those patients in whom a diagnosis was achieved.
There is a small amount of literature describing
asymptomatic patients, but this is not of high
quality.

Schucknecht'™ describes three potential
mechanisms for the origin of the prevalent
auditory/vestibular symptoms experienced by
patients with acoustic neuroma:
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* the destruction of cochlear and vestibular
nerve fibres by pressure atrophy or invasion

* ischaemia, causing atrophy of the neurosensory
elements within the cochlea and the vestibular
labyrinth by compromising blood flow in the
labyrinthine artery that runs through the IAC

* biochemical degradation of the cochlea and
the vestibular labyrinth.

The evidence for each of these mechanisms is
considered below.

A review of pathophysiology associated with nerve
compression was undertaken by Sunderland.'>*

It was noted that a nerve is particularly at risk of
compression injury when ‘it passes through, or is
contained within, a compartment with unyielding
walls’, which is the case for the cochlear, vestibular
and facial nerves within the bony cylinder of the
IAC. Because of the slow growth of the acoustic
neuroma, the compression exerted by the growth
within the IAC is chronic rather than acute.
Sunderland’* noted that theories of mechanical
damage to nerves in this situation have been
superseded by models of ischaemic damage.

The evidence suggests that mechanical changes
occur only at higher pressures than are found in
chronic compression conditions (such as carpal
tunnel syndrome). Additionally, the fact that some
chronic compression conditions (again such as
carpal tunnel syndrome) respond rapidly and
significantly to surgical decompression mitigates
against the possibility of permanent structural/
mechanical nerve damage. Axon'® has reviewed
the pathophysiological effects of the compressive
action of acoustic neuroma upon the facial nerve
in the IAC and noted the controversies between
mechanisms of mechanical damage and ischaemia.
It is similarly not possible to be definitive about
the effects of compression upon the cochlear and
vestibular nerves. Sunderland'* noted that an
ischaemic component will be present in every nerve
compression injury as it is not possible to compress
nerve fibres without involvement of the intraneural
blood vessels. Thus, models of mechanical and
ischaemic nerve injury may be complementary
rather than mutually exclusive.

Evidence for ischaemic and biochemical injury

to the vestibular labyrinth in acoustic neuroma
has been reported by Jahnke and Neuman,'*

who studied specimens taken from nine patients
during translabyrinthine surgery. Examination
with electron microscopy demonstrated significant
degenerative changes that were thought to be

the result of prolonged protein intoxication of

the labyrinth (via increased perilymph protein
concentrations) and compression of labyrinthine
blood vessels by the tumour. Similar mechanisms
were suggested for cochlear dysfunction in such
cases. O’Connor and colleagues'” had earlier
identified high protein levels in the perilymph of
patients with acoustic neuroma but not in a patient
group with meningioma in the IAC, and suggested
that this may be a mechanism specific to acoustic
neuroma.

Results

Table 15 summarises the studies included in the
evaluation of the evidence on symptoms of acoustic
neuroma.

Hearing impairment

Table 16 summarises the data from the included
papers on the hearing impairment at presentation
and the audiological findings on investigation.

Unilateral sensorineural

hearing impairment

There is a consensus in the literature that the
majority of patients who come to be diagnosed with
an acoustic neuroma had a principal presenting
symptom of a progressive unilateral SNHI. The
incidence of SNHI in acoustic neuroma has been
reported as over 90%;'%0-16%16417 the incidence

has been stable over time, specifically comparing
presenting symptoms for diagnoses in 1981-93

and 1994-2002." Authors have considered
whether tumour size is related to the extent of
hearing impairment, but this has not been robustly
demonstrated.'*!” Tumour morphology has been
categorised and some associations with the extent
of SNHI have been reported'®*!” in that, when
laterally and medially arising lesions are compared,
the extent of SNHI is greater in the laterally arising
tumours.'”

Sudden hearing impairment

There are a number of other symptoms that can be
associated with the diagnosis of acoustic neuroma.
Sudden SNHI is a surprisingly prevalent condition,
affecting perhaps 7500 individuals in the UK

each year.'"™ The proportion of acoustic neuroma
patients who experience a sudden hearing
impairment and who have this as their principal
presenting symptom is variable, ranging from
1.7%'" to 27.0%." This may represent variance in
the extent to which sudden hearing impairment is
seen as requiring urgent otological consutation.'®!
Interestingly, of those patients with sudden SNHI,
it has been reported that approximately 2%
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are diagnosed with an acoustic neuroma when
investigated radiologically.!**!6!

Normal hearing

There are reports in the literature of patients
being diagnosed with acoustic neuroma but

having normal hearing. Analysis is confounded by
variation in the definition of normal hearing, some
choosing 20 dBHL!™ and others 25 dBHL as the
cut-oft.'®* Some authors consider normal hearing
as being symmetrical, hence allowing for some age-
appropriate hearing impairment.'®? Unsurprisingly,
there is marked variability in reports of the
incidence of normal hearing in acoustic neuroma
patients, ranging from 5.0%'"" to 12.5%.'7° In
papers in which normal hearing is strictly defined,
the incidence is lower.'s!

Table 17 summarises the data on tinnitus and
vestibular symptoms at presentation and/or as
determined on further investigation.

Tinnitus

Several studies'**!®*17 have reported that the
incidence of tinnitus as a principal presenting
symptom of acoustic neuroma ranges from 8%
to 13%. As stated above, this is at odds with the
prevalence of tinnitus in this patient group,
which has been reported to be between 60% and
83%,°9:198.160.163 and this has led to a proposal
that tinnitus associated with a acoustic neuroma
may evoke less distress than a clinician would
predict.?2!83

Further exploration of the data of Moffat and
colleagues'® by Baguley et al.'™ reviewed the
characteristics of 941 patients with a radiological
diagnosis of unilateral sporadic acoustic neuroma.
Of these, 717 experienced tinnitus (76%) and in
114 (12%) tinnitus was the principle presenting
symptom. Statistically significant associations
were found between tinnitus presence/absence
and tumor size (p = 0.012) (although these were
non-linear) and type of hearing impairment
(progressive, sudden, fluctuant, nil), with a
tendency for patients without hearing impairment
to be less likely to experience tinnitus. Statistically
significant associations were identified between
classification of tinnitus severity and age at
diagnosis (p <0.001) (greater age being associated
with greater tinnitus severity), abnormal findings
on caloric testing (p =0.01) (abnormal calorics
being associated with greater tinnitus severity)
and tinnitus as a principal presenting symptom

(p <0.001) (this being associated with greater
tinnitus severity). The common sense expectation
that those patients who indicate tinnitus to be

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

their principle presenting symptom experience
more severe tinnitus than those who do not was

supported.

Imbalance

A further proportion of patients describe symptoms
of imbalance at presentation, which have been
reported to include rotary vertigo, unsteadiness
and imbalance. There is a lack of consistency

in how these terms are applied in the literature
regarding patients with acoustic neuroma, and

this is a significant impediment to interpretation.
There is evidence that vestibular symptoms in
acoustic neuroma tend to be mild**'%” and involve
non-specific dysequilibrium.'7*174182 A small
proportion of patients, between 10%'" and 19%'™
of the patient population with acoustic neuroma,
are described as experiencing rotary vertigo.
Relatively few patients with acoustic neuroma
present with a primary complaint of symptoms

of imbalance, reported as between 7% and 26%
when the principle presenting symptom is robustly
deﬁned.139,164,168,172,175

Table 18 summarises the data on all other
symptoms at presentation or as determined by
further investigation. These data illustrate the
relative frequency of trigeminal (Vth) nerve
involvement, a nerve that supplies sensation to the
face and eyes. As an acoustic neuroma expands
superiorly, the sensory fibres of this nerve are
particularly vulnerable to compression by the
tumour. Hence, impairment of facial sensation (loss
of sensation, paraesthesia, etc.) or loss of sensation
on the cornea are typically seen in larger tumours.
A small number of patients may even present with
excruciating facial pain, evoking a misdiagnosis of
trigeminal neuralgia. The facial nerve, although
more intimately related to the tumour, is less
frequently involved clinically, presumably because
of the greater resilience of motor nerve fibres to
the effects of compression. Indeed, the presence of
a facial paralysis in a patient presenting with what
appears to be an acoustic neuroma should lead to
the consideration of other petrous apex pathology
(e.g. non-acoustic tumours such as cholesteatoma).
The evidence also demonstrates that the facial
nerve may appear to have normal function to an
examining clinician but may, on investigation,
exhibit signs of weakness.

Symptoms and tumour characteristics

The association between tumour characteristics
and symptom profile has been considered. The
influence of tumour size has been analysed
and the observation made that small tumours
(< 1cm diameter) may be associated with fewer
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TABLE 17 Tinnitus and vestibular symptoms in patients with acoustic neuroma

Study

Fucci et al.,
1999'58

Tschudi et al.,
2000'%°

Kentala and
Pyykko, 2001 '€

Wandong et al.,
2005'¢2

Matthies and
Samii, 1997'6

van Leeuwen et

al., 1995
Selesnick et
al., 1993;%

Selesnick and
Jackler, 19938

Ogawaet dal.,
1991;'%° Ogawa
etal., 199]'¢

Diensthuber et
al., 2006'%®

Berrettini et al.,
1996'7°

Areetal.,
1995!7!

Moffat et al.,
1993'72

Leonetti,
199573

Magdziarz et
al., 2000'"*

Time of recording data as
noted in publication

Presenting symptom

Main presenting symptom at
time of diagnosis

Only initial symptom

Initial symptom elicited by
questionnaire

Symptoms at any time elicited
by questionnaire

Only initial symptom

Signs and symptoms at
presentation

On exploration of history

Presenting (main) symptom
On further investigation

Initial symptom

On investigation

Symptom at initial visit

Initial symptom
In the longer term

On questioning at time of
diagnosis

Volunteered by patients

Initial presenting symptom

On examination
Presenting symptom

Reported by patients

Tinnitus, n (%)

77 (65%)
37 (50%)

6
75 (61.5%)

101 (82.8%)

9
15 (68.2%)

63.3% (of 841)

13%
57%

36% (seldom sole initial
symptom)

56%; 53% tumour size < | cm,
59% tumour size 1-3cm, 52%
tumour size > 3 cm (measured
as maximal diameter of CPA
component parallel to petrous
face)

113 (85.6%)

44.7%
70.1%

52.3%; 40% tumour size

< |0mm, 42.8% tumour size
10-30mm, 68.7% tumour size
> 30mm (measured as greatest
absolute diameter on MR scan,

including intracanalicular portion

when involved)

43%

5 (13.2%)

124 (60.8%)

290 (78.6%)

Vestibular symptoms, n (%)
Dizziness: 55 (46%)

Dizziness: | | (14.9%)

Dizziness: 2
Vertigo: 34 (27.9%)

Vertigo: 60 (49.2%)

Vertigo: 12
Vertigo: | (4.5%)

Vestibular disturbance: 61.1% (of
841); vertigo: 34.4%; dizziness:
27.5%; unsteadiness: 40.3%

Vertigo/unsteadiness: 7%
Vertigo/unsteadiness: 29%
Vertigo: 7%; disequilibrium: 9%

Vertigo: 19%; 27% tumour size
< | em, 19% tumour size 1-3cm,
10% tumour size > 3cm

Disequilibrium: 48%; 37% tumour
size < | cm, 47% tumour size
1-3ecm, 71% tumour size > 3cm
Vertigo: 26 (19.7%); dizziness: 62
(47.0%)

Unsteadiness/vertigo 26.3%
Unsteadiness/vertigo: 49.1%

Disequilibrium: 52.3%; 40%
tumour size < |0mm, 28.6%
tumour size 10-30mm, 87.5%
tumour size > 30mm:

Rotary vertigo: 19%; 20% tumour
size < |0mm, 19% tumour size
10-30mm, 12.5% tumour size
>30mm

Imbalance: 44%

Vertigo: 3 (7.9%)

Vestibular gait disturbance: 30
(78.9%)

Imbalance: 73 (35.8%)

Dysequilibrium: 144 (39.0%);
vertigo: 77 (20.9%)
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Time of recording data as

Study noted in publication Tinnitus, n (%) Vestibular symptoms, n (%)
Moffat et al., Principle presenting symptom 23 (8.09%) Imbalance: 29 (10.2%)

175
1994 On investigation Calorics: reduced 48 (16.9%),

absent 141 (49.3%), normal 31
(10.9%), not known 64 (22.5%)

Saleh et dl., Initial complaint 46 (35.9%) Dysequilibrium: 14 (10.9%);
1996'7¢ vertigo: 13 (10.2%)
Tosetal., First symptom 87 (12.4%) Vertigo: 99 (14.1%)
199852
Frohlich and Presenting symptom 42 (60.9%) Vertigo/dizziness: 20.3%
Sutherland,
1993137
Moffat et al., Principle presenting symptom 12% Imbalance: 10%; vertigo: 0
2004'*
Moffat et al., Principle presenting symptom 13% Imbalance: 10%; vertigo: 1%
2004'*°
Artz et al., Reported at diagnosis 151 (64.5%) Unsteadiness/vertigo: 103 (44.0%)
2008'7®
Day et al., Clinical symptom 38 (86%) Vertigo: 18 (41%); dizziness: 20
2008'" (45%)
Baguley et dl., Presenting symptom 114 (12%) Imbalance: 95 (I 19%)
2006'%°
Mackle et al., Principle complaint 20 (5%) Dysequilibrium: 109 (27%)
2007'®

Presenting symptom

53 (13.3%) constant; 163 (41%)

Rotatory vertigo: 13 (3.3%)

intermittent

CPA, cerebellopontine angle.

symptoms;'®® however, the most rigorous analysis
failed to demonstrate any association between size
and symptoms.'®*

Tumour morphology has also been considered.
Medially arising tumours have been demonstrated
to be associated with a higher incidence of
symptoms deriving from cerebellar, trigeminal
nerve and brainstem involvement,'*? such as ataxia,
disdiadokinesis and decreased facial and corneal
sensation. Conversely, an association between
medial acoustic neuroma and normal hearing has
been reported.'”!7?

Studies have failed to demonstrate a consistent
correlation between the pattern or degree of
hearing impairment and any aspect of tumour
morphology. Many studies demonstrate a
worsening of hearing threshold over time!?-!86-19
but relatively few are able to report a statistically
significant correlation with growth,!79:186:190-192

Diagnosis of asymptomatic tumours

Table 14 summarises the data from two studies
reporting on large series of MR scans. Anderson
and colleagues'*® retrospectively evaluated 24,246

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

brain MR imaging studies (19,405 with contrast
and 4841 without contrast) and found 17 incidental
acoustic neuromas or approximately seven per
10,000 routine brain MR studies being undertaken
for reasons other than the exclusion of an acoustic
neuroma. A further study at the University of
California in San Francisco® analysed the MR
imaging database of 46,414 patients who had
brain scans with no documented audiovestibular
symptoms, and revealed eight patients with
incidental acoustic neuromas. Three of these
patients were found to have audiovestibular
symptoms on enquiry after diagnosis; three
patients had asymmetry on audiometry at 4kHz,
with otherwise normal audiometry for age in the
remaining patients. Tumour size ranged from 3 to
28 mm.

Duration of symptoms and

delay to diagnosis

An interesting consideration is that of the duration
of symptoms. This is a complex area as some of the
symptoms of an acoustic neuroma are insidious and
may not be given due attention by the patient or
GP. Van Leeuwen and colleagues' studied a series
of 164 patients who underwent surgical removal
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of a unilateral acoustic neuroma in Nijmegen,

the Netherlands, between 1980 and 1992. The
mean delay from initial symptom onset to seeing a
specialist was 35.7 months [standard deviation (SD)
62.2, range 0—468 months]; such delay could be
due to patient reluctance to seek advice or to the
GP not referring on for specialist consultation. A
further mean delay of 15.2 months (SD 36.2, range
0-242 months) was evident from specialist input to
diagnosis. Although there is an obvious caveat in
that the period studied predates the modern era
of straightforward access to MR imaging, this work
does demonstrate the complexity of the situation
regarding the duration of symptoms and the delay
before definitive diagnosis. Moftat and colleagues'?
report the length of history in a cohort of acoustic
neuroma patients undergoing surgery in the years
1981-3 as 42 months (SD 51) and from 1994 to
2004 as 45 months (SD 108.64). These figures are
not statistically significantly different (p = 0.4726,
Mann-Whitney U-test) and therefore access to MR
imaging may not have influenced this issue.

Within the literature, the complexity of the issue of
length of symptoms and diagnostic delay has not
been adequately addressed and, although some
papers report a duration of symptoms,>-!5%163.161
the lack of rigour hampers systematic analysis.
Specifically, a possible association between size of
tumour and duration of symptoms has either been
excluded'®* or been suggested and not statistically
verified.’%!16?

Discussion

The data in Tables 16—18 are illustrative of the
dichotomy between the prevalence of some
symptoms determined after further investigation,
examination and questioning, and the number of
patients who report that symptom as their principal
complaint.

van Leeuwen and colleagues'®! noted that such

a disparity between the presence of a symptom

and the incidence of that symptom as the primary
presenting complaint of an acoustic neuroma may
reflect either a lack of concern or distress associated
with that symptom by the patient or a reluctance

to refer a patient for that symptom on the part of a
patient’s primary care physician.

This consideration of the symptoms of acoustic
neuroma is pertinent to the subject of this review. It
is apparent that the majority of patients diagnosed
with acoustic neuroma present with insidious
symptoms of unilateral hearing impairment,

tinnitus and/or vertigo, which may not have been
prioritised by the patient or the GP.

A somewhat different perspective was taken by
Humphriss and colleagues,?? who considered

the audiovestibular handicap in a series of 145
patients scheduled for surgical excision of a
unilateral acoustic neuroma. Using standard
questionnaire instruments for the determination of
hearing, tinnitus and dizziness handicap, 68% had
significant hearing handicap, 30% had significant
tinnitus handicap and 75% had significant
dizziness handicap. In total, 88% of patients had
some handicap in at least one domain and 23%
had some handicap in all three domains. A total
of 7% of patients had severe handicap in all three
domains. There was no significant association
between tumour size and any of the questionnaire
scores. It is apparent that the audiovestibular
symptoms experienced by patients diagnosed with
acoustic neuroma are associated with a significant
burden.

The data in Table 18 regarding the non-
audiovestibular symptoms that a patient with
acoustic neuroma may experience or indeed
present with are of some clinical interest. The
implication is that even when symptoms that a
patient describes are non-audiovestibular but
indicate potential cranial nerve involvement the
possibility of acoustic neuroma should be included
in the differential diagnosis.'*

Growth
Introduction

Acoustic neuromas usually arise in the IAM and

fill it before emerging and growing into the

cranial cavity. Thus, an acoustic neuroma has an
intracranial component of a certain size in addition
to the intrameatal component. The advent of

MR scanning ushered in a new era for acoustic
neuroma diagnosis, permitting identification

of tumours of no more than a few millimetres

in diameter. However, the capacity to so readily
image even the smallest tumours has introduced
management dilemmas. It is known, for instance,
that many patients live undisturbed by their
tumours, ultimately dying with them but not
because of them. Other tumours, however, progress
to cause life-threatening neurological symptoms.
Therapeutic intervention, by surgery or radiation
treatment, is associated with significant morbidity
and consequences for quality of life.!”!® Thus,
distinguishing those patients whose tumours pose a
threat from those whose tumours may safely be left
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without intervention is the key to current acoustic
neuroma management. In many centres evidence
of tumour growth has become the defining
criterion for intervention, especially for small or
medium-sized tumours that have not caused any
neurological symptoms or signs. Therefore, the
current issues in this field concern methods of
measuring these tumours, definitions of growth
and estimation of actual growth.

MR imaging is now widely accepted as the gold
standard for assessing acoustic neuroma size and is
considered to be superior to all previous diagnostic
imaging methods.'”” However, to accumulate
numbers and increase follow-up, numerous

studies have used CT scanning either as the only
method of measuring or in combination with

MR or even cisternography.'®719%-200 This makes
comparisons difficult and introduces a significant
bias in any conclusions derived from such studies.
On the other hand, such studies are important

as they include patients with very long follow-up,

a key issue when exploring natural history and
conservative management.

Results

Table 19 summarises the studies reviewed in this
section reporting data on the characteristics of
growth of acoustic neuromas.

Measurement

An important issue in measuring acoustic
neuromas is how their size is measured or
calculated even within the same imaging technique.
The most common procedure is to measure the
maximum diameter of the tumour; however, this
entails gross simplification, because tumours are
three-dimensional structures and often irregular
in shape. Moreover, a change in the diameter
implies an exponential change in the volume of
the lesion. For example, when the diameter has
doubled, the volume has increased eight times,
assuming that the shape of the tumour has not
changed."” Rosenberg®’ compared rigorous
computer analysis of size and growth rate with
the radiologists’ usual measurements of maximal
diameters.?” The computer analysis used a new
method of measurement: equivalent diameter as
the diameter of a perfect circle that corresponds
to the measured tumour area (largest area in both
axial and coronal plane). Rosenberg®” concluded
that the measurement of the maximal tumour
diameter on MR imaging is still a reliable method
for following acoustic neuroma growth and that
there is no need to perform a rigorous analysis of

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

tumour size to determine whether the tumour is
growing significantly.

The confusion and possible bias in measuring
acoustic neuroma size is confounded when we
take into account that, in addition to the maximal
diameter method, numerous other descriptions
of measurement have been reported by different
centres. These are summarised in Table 20.

To limit the variance, the American Academy

of Otolaryngology — Head and Neck Surgery

— recommended that size should be measured

by taking the square root of the product of the

two standardised diameters in the axial plane.
Although this method was introduced in 1995, very
few centres have been using it. In addition, the
procedure has its own drawbacks. One is that the
superior and inferior extents of the tumour as well
as the volume are not taken into account. Another
is that this procedure is intended to classify
tumours in such a manner as to allow comparison
of the results of surgery, not to establish changes in
the size over time.'"’

Apart from the numerous different formulae

used to measure size and/or volume, there is also
evidence that the reliability of measuring acoustic
neuromas is far from satisfactory. Marshall and
colleagues?!! assessed the inter- and intraobserver
reliability of measuring acoustic neuromas,
including in their study the method proposed

by the American Academy of Otolaryngology,

and concluded that, in routine clinical practice,
differences in tumour size of the order of 2mm
cannot be reliably measured, even by the same
radiologist. On the other hand, in another study,'"’
when the maximal surface of the tumour in the
axial plane and SD were calculated — SD was

taken as the indicator of growth or shrinkage —
interobserver agreement was found to be very high
and clinical judgements agreed with surface axial
computer measurements. However, this study had
several weaknesses including a small number of
patients (n = 44) and the fact that interobserver
agreement was dependent on the threshold set (e.g.
if growth is defined as a large difference of 3 mm,
interobserver agreement becomes very high, and
vice versa). Reported growth of acoustic tumours
should therefore be interpreted with caution,
especially if this is the criterion for recommending
treatment.

Definition of growth

It might be thought that any growth, even that
which is minimal, should be considered as such;
however, the reality is quite different as terms such
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TABLE 19 Studies reporting characteristics of growth of acoustic neuromas

Study

Jorgensen and Pedersen,
1994'%

Bozorg Grayeli et al.,
2005'8

Flint et al., 2005'¢”
Piazza et al., 2003%'
Glasscock et al., 1997

Strasnick et al., 1994*%
Bederson et al., 19912
Valvassori et al., 19912°
Herwadker et al., 20052%

Caye-Thomasen et al.,
20036

Mohyuddin et al., 200327
Niemczyk et al., 20022%
Vokurka et al., 2002%%°
Stipkovits et al., 2001 '

Hoistad et al., 200]2'°
Nutik and Babb, 20012"!
Sakamoto et al., 200122
Massick et al., 2000*'3
O'Reilly et al., 20002'
Shin et al., 20002
Modugno et al., 1999'%
Niemczyk et al., 1999%'¢

Yamamoto et al., 199827
Levo et al., 1997%'8

Deen et al., 19962"°
Wiet et al., 19952
Martin et al., 1994'%
Rosenberg et al., 1993%
Ogawaet al., 1991'”°

Al Sanosi et al., 200622
Shin et al., 2003%%
Moller et al., 200322
Kishore et al., 2003%*
Ramsden et al., 200322
Ferri et al., 200827
Quaranta et al., 200322

Country

Denmark

France

Australia
Italy
USA

USA
Switzerland
USA

UK

Denmark

UK
France
UK

the
Netherlands

USA
USA
Japan
USA
UK
France
Italy
France

Japan
Finland

USA
USA
France
USA

Japan

Australia
France
Norway
UK

UK

Italy

UK

Number of
participants®

78 (3 NF2)

100
44
48

51
70
50
63
15

50
17
63
44

102
433
3
21
44
97
47
5

16 (4 lost to follow-
up)
31 (7NF2)

68

53

39

23

36 (13 NF2)

205
123

239

100

244 (54 NF2)
123

129

Age of participants (years),
mean (range)

For the |8 unilaterals followed,
55 (16-74)

59 (19-87)

61 (31-86)
70 (65-77)
75 (70-90)

68 (40-90)
57+ 1.4 (26-79)
l6-81

Median 62 (36-88)
60 (37-79)

64.1+12.8
NR

Median 62 (36-88)
58 (29-76)

64 (25-89)
NR

57.1 (9-81)
63.3 (15-84)
64.3 (30-85)
63 (29-89)
60 (26-84)
59.5

58 (38-87)

For 24 in unilateral group,
median age 63.1 (31.6-74.6)

67.1 (35-80)
66 (25-89)
NR

73 (65-86)

Mean 40.7 (15-73) (for all
patients, not just unilateral AN)

60.84 (26-89)
64 (29-90)
NR

59 (39-80)
NR

61.1 (25-84)
62 (29-86)

Sex

Overall M: 47%;
F: 53%. Of 18
followed: 8 M,
IOF

M: 44%; F: 56%

M: 46%; F: 54%
M: 48%; F: 52%

M:37.5%; F.
62.5%

M: 35%; F: 65%
M: 44%; F: 56%
M: 40%; F: 60%
M: 52%; F: 48%

M: 52%; F: 48%
NR

M: 52%; F: 48%
M: 66%,; F:34%

M: 43%; F: 57%
M: 52%; F: 48%
NR

M: 48%; F: 52%
M: 30%; F: 70%
M: 35%; F: 65%
M: 55%; F: 45%
NR

M: 50%; F: 50%

M: 26%; F: 74%

M: 46%; F: 54%
M: 47%; F: 53%
NR
NR
M: 50%; F: 50%

M: 44%:; F: 56%
M:39%; F: 61%
NR
NR
NR
M: 50%; F: 50%
M: 52%; F: 48%
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Study

Battaglia et al., 2006%%°
Battaglia et al., 2006%%°

Stangerup et al., 2006;'*
Charabi et al., 2000%*° (also
Charabi et al., 1995;'8
Thomsen et al., 2000;%'
Caye-Thomasen et dl.,
200672

Hajioff et al., 2008'°' (also
Raut et al., 2004;%3 Walsh
et al., 2000;'”* Walsh et
al., 2000;'** Walsh et dl.,
200074

Mirz et al., 2000%** (also
Mirz et al., 1999%¢)

Rosenberg, 2000;%7 also
included in reviews

Rosenberg, 2000;%7 also
included in reviews

Smouha et al., 2005'*
Quaranta et al., 2007'%?

Fucci et al., 1999'38
Tschudi et al., 2000'>°
Artz et al., 2008'78

Solares and Panizza, 2008238

Systematic reviews

Yoshimoto, 2005'¢

Smoubha et al., 2005'%*
Yamakami et al., 2003%*°

Selesnick and Johnson,
19980

Country

USA
USA®

Denmark

Canada

Denmark
USA
USA

USA
UK

USA
Switzerland
the

Netherlands
USA

Japan

USA
Japan®
USA

Number of
participants®

164

n =5 studies

552

72

64
80
49

64
70

119
84
234

110

1340 (12-127 per
study)

1345 (13-123)
894 in |3 studies

571 (16 NF2), so 555
with unilateral AN;

13 studies

Age of participants (years),
mean (range)

71 (35-94)
NR
59 (15-83)

61 (36-78)

55 (23-75)

At diagnosis: 69.7 (35.9-84.2).

At symptoms: 61.9 (23-83.2)

At diagnosis: 66 (31-84.6). At
symptoms: 60 (29.7-84.5)

60 (29-81)
65 (37-84)
52.6 (19-78)
57 (16-82)

62.4 (32-91)

62 (52-75)

62
65 (12-94)
64 (56-75) (n = 555)

AN, acoustic neuroma; F, female; M, male; NF2, neurofibromatosis type 2; NR, not reported.
a May include some participants with NF2.
b Country where the authors of the review were based.

as ‘important growth’, ‘definite growth’, ‘probable
growth’, ‘minimal growth’, ‘slow or rapid growth’
and various other definitions have been used in
the literature. Table 21 summarises the various
definitions that have been used to report growth.

For example, an increase of 1 mm in size may be
considered as growth in one study'® and ‘stable’
in another.' In addition, regression has been

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Sex

NR
M: 52%; F: 48%

M: 44%; F: 56%

M: 48%; F: 52%

M: 55%; F: 45%

M:29%; F: 71%

M: 48.6%; F:
51.4%

M: 47.9%; F:
52.1%

M: 59.5%; F.
40.5%

M:49.1%; F:
50.9%

M: 59%:; F: 41%

separately reported in some papers, 19210 whereas
in others®! stability and regression count as one.
Finally, mathematical formulae, both simple and
complex, have been used to assess growth and

growth rates.
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Study

Jorgensen and Pedersen, 1994'%

Nutik and Babb, 20012"
Flint et al., 2005'®”

Bozorg Grayeli et al., 2005'%

Modugno et al., 1999'%°
Al Sanosi et al., 200622
Quaranta et al., 200322

Ferri et al., 200827

Ramsden et al., 200322
Glasscock et al., 19972

Strasnick et al., 1994*%
Bederson et al., 19912
Deen et al., 1996%'°
Shin et al., 200322

Mirz et al., 2000%°
Raut et al., 2004?*
Massick et al., 20002'?
Quaranta et al., 2007'2

Niemczyk et al., 1999

Yamamoto et al., 1998?%'7

Ogawaet al., 1991'”°

Rosenberg, 2000%”

Tschudi et al., 2000'%°

Wiet et al., 19952

Valvassori and Shannon, 199 2%

Levo et al., 199728
Kishore et al., 20032%

Artz et al., 2008'78

Solares and Panizza, 200823

Country

Denmark

USA
Australia

France
Italy
Australia
UK

Italy

UK
USA

USA
Switzerland
USA

France
Denmark
Canada
USA

UK

France

Japan

Japan

USA

Switzerland

USA

USA
Finland
UK

the
Netherlands

USA

TABLE 20 Measurement of size of acoustic neuroma reported in the literature

Measurement

Greatest extrameatal diameter (measured by CT only)

Greatest extrameatal diameter (measured by CT or MR imaging)

Greatest diameter including intracanalicular portion measured by MR
imaging

Greatest diameter including intracanalicular portion in the three axes of
projection measured by MR imaging

Lateral extent in the IAM to medial pole
Greatest mediolateral extent within CPA

Mean of greatest anteroposterior and mediolateral tumour extent

Maximal anteroposterior dimension along the pyramid

The axis of the canal from the fundus to the porus

Maximal diameter and tumour volume

Measurement along longest axis including intrameatal portion

Tumour volume measured using visible tumour slices; values of all slices
saved and shape of tumour slices was contoured

Three diameters on MR imaging, two determined on axial slice including
maximum diameter and other on coronal slice measured in centimetres.
Tumour volume calculated by multiplication of three diameters by 0.52
Tumour size calculated using (long axis X short axis) to the power 2
Equivalent diameter as the diameter of a perfect circle that corresponds
to the measured tumour area (largest area in both axial and coronal
plane)

Anteroposterior and mediolateral diameters

Greatest axial dimension along longitudinal plane of IAC (including
intrameatal portion)

No definition of measurement method

Maximum diameter along length of IAC (IAC tumours); maximum
diameter parallel to petrous ridge or IAC in the axial plane (CPA tumours)

Greatest extracanalicular dimension by MR imaging

CPA, cerebellopontine angle; IAC, internal auditory canal; IAM, internal auditory meatus.
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TABLE 21 Quantifiable definitions of growth of acoustic neuroma as reported in the literature

Definition of growth

Increase > 0.5 mm/year

Increase > | mm/year (American Academy guidelines followed in some

cases)

Increase > | mm along the same axis
Increase > | mm in either tangential or perpendicular planes

Increase >2mm/year

Increase 22 mm

Increase in diameter >2mm

Increase >2 mm along the same axis

Percentage increase in maximum tumour diameter
Percentage increase in volume

Increase in tumour volume > 10%

Increase in tumour volume >20%

Change in tumour volume

Minimal tumour growth as < 20% of original size, 20-50% moderate

growth, >50% marked growth

Slowly growing if <2mm increase, rapidly growing if > 2 mm increase

Internal auditory canal tumours: growth to extrameatal dimensions.

Extrameatal tumours: largest diameter change >2mm

Clinical growth index = maximal tumour diameter at second scan divided

by time of onset of first symptom to time of second scan

Definite growth: increase > 3 times estimated measurement error.

Probable growth: increase |-3 times measurement error

Tumour doubling time

Formulae used to calculate tumour increasing size and tumour volume

doubling

Standard deviation used to indicate growth or shrinkage

Radiosurgical tumour control

In addition to the problems related to measuring
tumour size and growth, comparisons between
conservative management and radiosurgery have
introduced new challenges. Radiosurgeons also
have various definitions of tumour control, i.e. non-
growth. A widely accepted radiosurgical definition
of tumour control is that of Flickinger and
colleagues®”* who described tumour control as a
less than 1-mm increase in tumour diameter in any
two directions or 2mm in one direction. Another
widely accepted definition of tumour control is
freedom from surgical resection or lack of surgical
intervention. In a study that compared conservative
management in patients from a single centre with
radiosurgery patients from the literature,?® using
Flickinger’s**? definition of control, the control rate
in their population of 71 patients after a mean of
3.1 years was 87%, which was only 6% worse than

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Study

Jorgensen and Pedersen, 1994'%

Hajioff et al., 2008;'*' Walsh et al., 2000;'%
Mirz et al., 2000;%* Strasnick et al., 1994;23
Sakamoto et dl., 2001;2'2 Kishore et al., 20032%

Hoistad et al., 2001;2'° Artz et al., 2008'7®
O'Reilly et al., 2000%'*

Bozorg Grayeli et al., 2005;'% Glasscock et dl.,
199722

Ferri et al., 200827

Solares and Panizza, 20083
Quaranta et al., 200322
Nutik and Babb, 2001?%"!
Niemczyk et al., 1999*'¢
Massick et al., 2000%'3
Yamamoto et al., 1998%7
Shin et al., 20002

Valvassori and Shannon, 199 2%

Al Sanosi et al., 2006?22
Stangerup et al., 2006'2

Mohyuddin et al., 200327
Herwadker et al., 20052%

Yamamoto et al., 199827
Ogawaet al., 1991'°

Stipkovits et al., 2001 '’

Flickinger’s**? results after a 24-month median
follow-up period with 313 patients, and 1% better
than that reported by Iwai and colleagues®*®, the
radiosurgical study with one of the longest median
follow-up periods (60 months).

In another report,* data from a study of
conservative management were compared with
data from three studies of radiosurgery. The results
revealed that the risk of growth was statistically
higher in the conservative management group,
whereas stability was comparable. Regarding
other factors, the risks of losing useful hearing,
developing trigeminal nerve dysfunction and/
or developing hydrocephalus requiring shunt
placement were statistically higher after
radiosurgery. Ultimately, however, without
standardised ways of measuring tumour growth
and reporting the results, a fair comparison of

8l
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radiosurgical results with the natural history of
acoustic neuromas is not possible.???

Growth pattern during

conservative management

Studies that have compared the various methods
of assessing growth have revealed that reports of
growth depend on the measurement method used
and the respective differences may be huge. In
one study that compared different measurement
methods, tumour volume doubling time assessed
by a Bayesian partial volume tissue segmentation
method demonstrated tumour growth in 80%

of cases that appeared to show no growth when
measured by manual segmentation techniques.?’”2%
In another study, volume calculation was carried
out manually and compared with a computerised
method; the difference was statistically significant
and in some cases as much as double or triple the
volume.?"?

Although the literature reports different methods
of measuring and comparing growth, any review
may only be a rough estimate of what actually
happens in ‘real life’. Table 22 summarises the
results of the papers included in this review that
reported the growth pattern of acoustic neuroma
during conservative management, that is, ‘wait and
rescan’. Besides the absolute growth, an estimate
of the growth rate of these tumours will contribute
to the decision of when, if at all, to intervene. A
very slowly growing tumour may have a completely
different management in comparison to a rapidly
growing tumour, which may result in neurological
complications in the short term. Of course, the task
of assessing growth rate has the same weaknesses
mentioned previously. In addition, the various
studies on growth rate have used different criteria
or methods of reporting. For example, some
studies report the growth rate of tumours that were
increasing in size, whereas other studies report the
growth rate of all tumours. Finally, some studies
introduce the term ‘tumour doubling time’, which
is another type of growth rate. Table 22 summarises
the outcomes of papers reporting on acoustic
neuroma growth rate.

To facilitate comparisons within the table we have
ordered the studies as follows: (1) growth rate
applies to all tumours, (2) growth rate applies only
to tumours that grow, (3) application of growth rate
to tumour state is not reported or is not clear or (4)
growth rate has another definition.

In a meta-analysis comprising 1244 patients in 19
studies, 51% of tumours showed no growth, 43%
of tumours grew and 6% showed regression.'”* In

another meta-analysis of 555 patients in 13 studies,
54% showed growth (range 14-74%) and 26%

had rapid growth of more than 2 mm/year (range
0-47%).* In a systematic review of 1340 patients,
46% showed growth (95% CI 43-48%, range
15-85%) and 8% regression (95% CI 6-10%).'° In
a small group of four prospective studies, 29% of
tumours showed growth (95% CI 21-37%).'° In
another systematic review of 879 patients, 51%

of tumours grew and 4% showed regression.**

An additional problem is that there are various
patterns of growth, and a tumour that shows
growth may stop doing so and vice versa. In a
study?" that assessed these patterns, tumours were
classified into five categories: continuous growth
(15%), negative growth (5%), growth followed by
shrinkage (40%), negative growth followed by
growth (20%) and no variation in tumour size
(20%). In another study,*** five patterns of growth
were also found: continuous growth (25%), stability/
growth (16%), stability (50%), negative growth (7%)
and growth/stability (3%). Finally, a third study®”
reported six patterns: no growth (35%), growth
only (21%), no growth to growth (13%), growth

to stability (13%), growth to regression (10%) and
regression (8%).

Growth rate

In one meta-analysis'® of 793 patients in 13
studies, the mean growth rate was 1.9 mm/year
(range 0-10mm/year) and in another meta-
analysis*** of 508 patients in 13 studies, the mean
growth rate was 1.8 mm/year (range 0.5-3.2 mm/
year). In a systematic review of 964 patients,

the mean growth rate was 1.2 mmy/year (range
0.4-2.9mmy/year).'® In another systematic review
of 879 patients, the mean growth rate was 1.8 mm/
year (range 0.3—-30 mm/year) (including those with
regression the mean growth rate was -3.9 to 30.0
mm/year).” It seems that the mean growth rate
for all tumours varies between 1 and 2mm/year.
Including only tumours that grow, the growth rate
varies between 2 and 4 mm/year. However, there
are cases with significant regression or exceptional
growth that may exceed 18 mm/year.

Time frame of growth

Irrespective of growth rate, the time scale in
which this growth may occur is very important.
For example, if growing in a specific time period
(e.g. within 1 or 2 years from diagnosis) predicts
later tumour behaviour, this would influence
management and follow-up intervals. Therefore,
some studies have analysed the time frame of
growth (Table 23).
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TABLE 23 Time frame of acoustic neuroma growth

Growth pattern

Growth always evident in the first year
Growth in first year highly predictive of overall growth

80% of tumours that grew did so in the first year

59% of tumours that grew did so in the first year

Patients with higher growth rate at | year statistically more likely to have surgery

Tumours with significant growth did so within an average of 2 years of follow-up

Study

Moller et al., 2003;2%* O'Reilly et dl.,
2000%

Bederson et al., 1991;2* Tschudi et al.,
2000;'*° Quaranta et al., 2003228

Flint et al., 2005'¢’
Modugno et al., 1999'%°
Deen et al., 1996
Glasscock et al., 1997%?

97% of tumours that grew did so in the first follow-up interval (but this could be as  Nutik and Babb, 20012"!

much as 5 years)

45% of those growing did so in the first year, but 23% grew after 3 years of

stability and 0% grew after 6 or more years of observation

Ferri et al., 2008%7

Within the first year 62% of those growing did grow and growth occurs only in the  Stangerup et al., 2006'%

first 5 years after diagnosis

42% of those that grew remained stable for > | year followed by continuous

growth

65% of tumours grew within the first 4 years after diagnosis, but 14% started to

grow after 60 months of stability

Tumour volume doubling time may be within 6 months; therefore, follow-up

intervals should be short initially

No significant difference in tumour growth rates using 6-month, 12-month or

> |-year intervals

Many of these studies suggest that the first year
after diagnosis is crucial for determining the
pattern of tumour growth, but it is clear from
several other reports that this may not be the case
for some patients. For example, a patient with

a 4-mm extension in the CPA did not have any
growth for 6 years and then the tumour started
to grow requiring radiosurgery.?' Another case
showed an exceptional growth in just 7 months
from diagnosis (17 mm),*! whereas another small
tumour was stable for 6 years and then showed a
continuous growth for the next 5 years.?’

Predictors of growth

Determinants or predictors of growth would

be very helpful in management planning and
patient counselling. Therefore, many studies have
attempted to identify such factors and apply them
to clinical practice (1able 24).

It seems that most studies fail to identify predictors
of growth. Some studies have found large initial
size to be a determinant of later growth although

the opposite has also been reported. In a systematic

review of 1340 patients'® no correlation was found
between tumour growth frequency and patient age
at diagnosis or follow-up duration; prospective
design and serial MR imaging were associated with

Massick et al., 200023
Quaranta et al., 2003228
Yamamoto et al., 199827

Tschudi et al., 2000'%°

lower tumour growth frequency and larger tumours
were associated with a lower risk of enlargement.

A meta-analysis of 10 studies and 620 patients did
not find any predictive factors for tumour growth,
whereas in four studies including 255 patients
positive growth at 1 year was found to be predictive
of future growth.'*! In another meta-analysis of
555 patients (13 studies) no statistically significant
differences were found regarding mean age and
mean initial size between growth and non-growth
groups.?*

Failure of conservative management

mainly due to tumour growth

Conservative management or the ‘wait and see’
de facto policy fails when treatment is decided.
However, this does not necessarily mean that the
tumour has grown because patients may change
their minds and have treatment for other reasons
such as personal preference, symptoms, etc. Table
25 summarises the ‘failure’ rates of conservative
management taken from the literature.

In a meta-analysis of 15 studies and 1000
patients,'™* 20% of patients required treatment.
In another meta-analysis of 13 studies and 1000
patients,*** 26% of patients required treatment
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TABLE 24 Results of studies exploring predictors of growth

Predictors of growth Study
No correlation of growth with age, initial size, initial symptoms, duration of Bozorg Grayeli et al., 2005;'8 Flint et
symptoms, laterality, gender al., 2005;'%” Bederson et al., 1991;24

Herwadker et al., 2005;%° Hoistad et
al., 2001;'° Nutik and Babb, 2001;2"
Massick et al., 2000;2'* Modugno et
al., 1999;'® Niemczyk et al., 1999;*'¢
Wiet et al., 1995;%° Moller et al.,
2003;%** Stangerup et al., 2006;'2
Raut et al., 2004;2 Rosenberg,
2000;%7 Walsh et al., 2000'%

In tumours with confirmed growth there is a significant correlation between volume Niemczyk et al., 200220
and growth rate and between clinical stage and growth rate

No patient with a tumour < |5mm had rapid growth or neurological symptoms Rosenberg et al., 1993%!
The more rapid the tumour growth, the younger the age or the smaller the initial Ogawaet al., 1991'”°
tumour size

Tumours smaller at presentation tend to grow less frequently and slower Kishore et al., 2003%%
The smaller the initial size, the less likely statistically the tumour is to grow Ramsden et al., 200322

No robust predictors of growth apart from presentation (typical vs atypical grew less) Quaranta et al., 2003
and duration of symptoms (inverse correlation with growth)

Growth correlated with tinnitus as an initial symptom and inversely correlated with Ferri et al., 20082
intracanalicular tumours and duration of symptoms of more than |10 years — no other

predictors

Two groups: (1) high risk for growth: (a) those with an extrameatal component Artz et al., 200878

and short duration of hearing loss and at least one of the other two predictors
(unsteadiness/vertigo or no sudden hearing loss), (b) those with intrameatal
localisation and all three other predictors; (2) low risk for growth: (a) those with
an extrameatal component and no other predictor, (b) those with an intrameatal
localisation and at most one other predictor

Significant difference between intracanalicular and stage | tumours versus stage Il Battaglia et al., 2006
tumours regarding growth

Significant difference between growth rates of CPA and IAC tumours (IAC Hajioff et al., 2008'%!
significantly slower growth)

Size of tumours in regression group was statistically larger than in other groups. Mirz et al., 20002

Statistically significant inverse correlation between growth and size at presentation

The only significant factor in predicting growth was size at presentation, with tumours  Fucci et al., 1999'8
> 20 mm having a higher chance of growing; however, mean initial size of tumours
that regressed was larger than that of other tumours

Intracanalicular tumours less likely to grow compared with stage Il tumours Solares and Panizza, 2008%%®

CPA, cerebellopontine angle; IAC, internal auditory canal.

(range in these studies 0-50%). Finally, in a Discussion

systematic review of 1340 patients,'® 18% (95% Numerous studies have explored the natural

CI 16-21%) required treatment. It seems that history and growth of acoustic neuromas; however,
approximately one in every four or five cases fails most of them have one or more serious weaknesses:
conservative management; however, the range is

very wide (0-50%), suggesting that there are many * retrospective design

factors influencing the percentage of patients who * number of patients lost to follow-up (often not
finally have treatment, such as length of follow-up, even mentioned)

selection of patients, counselling, etc. e selection of patients according to various

criteria (not always clear)
* multiple publications from the same centres
over time

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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Number

Study followed up
Bozorg Grayeli et al., I
2005'#

Flint et al., 2005'87 100
Glasscock et al., 34
1997%2

Strasnick et al., 51
1994203

Bederson et dl., 70
199|204

Sakamoto et al., 31
2001212

Tschudi et al., 2000'>° 74

Hoistad et al., 2001%'° 102

Yamamoto et al., 12
199827

Quaranta et al., 70
2007'%?

Fucci et al., 1999'8 119
Hajioff et al., 2008'" 72
Deen et al., 1996%"° 68
Shin et al., 2000%'° 87
Al Sanosi et al., 197
200622

Rosenberg, 20007 80
Solares and Panizza, 110
2008%¢8

a Treated.

b Operated.

¢ Required management.
d Required treatment.

Length of
follow-up,
mean (range)

33 months (6—
I'1'l months)

25.5 months
(5-150
months)

28.5 months
(5-108
months)

2.3 years (6-74
months)

26+2 months
(6-84 months)

33 months
(6-92 months)

35 months
(12-108
months)

28.5 months
(6-120
months)

18 months
(3—46 months)

33.3 months
7111
months)

2.5 years (5

months to 8
years)

121 months
(89-271
months)

3.4 years (6

months to 12
years)

31 months (4
months to 10
years)

40.8 months
(12-180

months)

4.4 years
0.01-17.2
years)

31.4 months
(6156
months)

TABLE 25 Failure rates of conservative management in the literature

Failure rate (%)

16

I1®

240

24
130
48¢

12°

33

42

394

19¢

35¢

I 5¢

124

8d

7d

18.7 (5-year
intervention rate)

34

27

23

25

12

Reasons for failure

Growth (18)

Growth (6), growth and symptoms
(4), vertigo (1)

Accelerated growth (8)

Growth (12)
Growth (7), not stated (2)
Growth or worse hearing (15)

Symptoms (7), growth (2)

Growth (34), no information on
other reasons

Growth and/or symptoms (5)

Growth, symptoms or patient choice
(detail not reported)

Growth (15), and/or symptoms (17),
and/or patient choice (2)

Not stated

Growth and symptoms (6), growth

)

Growth (12)

Growth (9) and/or symptoms (9),
patient choice (I)

Growth and symptoms (4), not
stated (2)

Not stated



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

* relatively short follow-up times

 failure to distinguish NF2 patients

* failure to distinguish between CT and MR
measurements

* current clinical measures of tumour size and
growth have serious weaknesses and limitations

* variable definitions of growth

* variable definitions of growth rate

* treatment decisions based on subjective reasons
and symptomatology as well as on growth.

Any analysis of the literature regarding acoustic
neuroma tumour size and possible associations
with symptoms, signs or diagnostic test efficacy
suffers from the great number of different
methods used to determine and report tumour
size. Different radiological techniques have been
utilised, and many different methods to report
size are evident, including diameter of both intra-
and extracanalicular components, maximum
extracanalicular diameter and tumour volume
(this last method often making the assumption
that tumour morphology approximates a sphere).
Further, work has indicated marked interobserver
and test-retest variability in estimates of acoustic
neuroma size.?-#

An attempt to address the issue of the great
variability in the methods for the reporting of
acoustic neuroma tumour size was made by a
group of surgeons who formulated a consensus
statement.'"! The following proposals were made:

* an explicit distinction should be made between
the intra- and extrameatal components

* linear planimetric measurements (in
millimetres) should be reported rather than
volumetric measures

* the intrameatal component should be
measured along the length of the IAC, and the
width measured perpendicular to that plane

* the largest extrameatal diameter should be
reported.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Further, the following tumour classification
framework was proposed:

e grade 1 — small: 1-10 mm extrameatal
e grade 2 - medium: 11-20mm

e grade 3 — moderately large: 21-30 mm
e grade 4 - large: 31-40mm

e grade 5 — giant: >40mm.

For tumours confined to the IAC, the term
intrameatal tumour was proposed.

We can conclude from the evidence reviewed that:

e At least 50% of acoustic neuromas do not grow,
at least for some years after diagnosis.

* No reliable predictors of growth have been
identified. Some studies have found large
initial size to be a determinant of later growth
although the opposite has also been reported.

e The mean growth rate for all tumours varies
between 1 and 2mmy/year and, for only those
that grow, between 2 and 4 mm/year; however,
there are cases with significant regression or
exceptional growth that may exceed 18 mm/
year.

* Regression is a small but real possibility
(around 5%).

e There are various patterns of growth and a
tumour that shows growth may stop doing so
and one that does not grow initially may begin
to do so.

e The first year after diagnosis may be crucial
for determining the pattern of tumour growth;
however, this is not always the case, and a
tumour may be stable for many years before
showing continuous growth.
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Chapter 5

Conclusions and recommendations

Conclusions

The majority of the evidence reviewed in all three
themes was generally poorly reported and there is
therefore an inherent risk of bias. This is reflected
to a degree in the quality assessment but not
completely as the problems often concerned a lack
of detail of reporting rather than poor methods
per se. Absence of evidence is not evidence of
poor quality. The conclusions drawn should be
considered in this light.

Auditory brainstem response

Given the recent improvement in resolution

and the reduction in cost of MR imaging, ABR
can no longer be considered appropriate as

the primary test used to screen for an acoustic
neuroma. Although it is relatively inexpensive and
offers acceptable sensitivity for medium to larger
tumours, its ability to reliably indicate tumours of
less than 1cm is poor. ABR also fails to provide
clinically useful results in patients with severe

to profound hearing impairment (typically a
hearing threshold greater than 70 dBHL at 4kHz).
Despite these considerable disadvantages, ABR
might be considered to be the test of choice for
identifying acoustic neuroma in the majority of
patients unable to undergo routine MR imaging.
The use of sedation and a general anaesthetic for
claustrophobic patients and an open magnet for
obese patients may ultimately be required in some
cases.

Magnetic resonance imaging

In current clinical practice, MR imaging is the first-
line investigation for the identification of suspected
acoustic neuroma in appropriately selected
patients. The GdT1W sequence remains the gold
standard sequence for evaluating cases in which
the screening sequence is indeterminate and for
characterising any suspected pathology.

Non-contrast high-resolution three-dimensional
T2W or T2*W sequences enable accurate
evaluation of the VIIIth and VIIth cranial nerves
within the CPA and IAC as well as evaluation of
the cochlea and labyrinth. When these structures
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are clearly and confidently identified, inclusion
of GAT1W sequences is unlikely to contribute
information that would alter patient management
in the screening population.

The quality of the imaging chain and the
experience of the reporting radiologist are key
factors determining the efficacy of a non-contrast
screening strategy. Poor image quality, or lack

of diagnostic confidence or ability, will result in
increased patient recall rates and use of GATIW
imaging at additional cost or, worse, increased
false-negative rates and the cost burden of late re-
presentation with an advanced acoustic neuroma.

CT

CT is considered by some clinicians to be the
test of choice if MR imaging is contraindicated.
We are unable to comment further as this review
did not extend to an examination of the relative
performance of CT and ABR.

Cost-effectiveness

Compared with ‘traditional” protocols that deploy
what have become essentially redundant tests such
as CT and ENG, strategies that deploy GdATIW MR
imaging immediately or in conjunction with ABR
appear to be more cost-effective.

The applicability of previous studies reporting
cost and cost-effectiveness data is limited given
their age and the fact that many were undertaken
outside the UK. Based on a cost-effectiveness
model developed to reflect UK practice, it was
concluded that a diagnostic algorithm that deploys
non-contrast MR imaging as an initial imaging
screen in the investigation of acoustic neuroma

is less costly than and likely to be as effective as
available contrast MR imaging.

Epidemiology

Epidemiological studies have reported a significant
increase in the incidence of acoustic neuroma

over the past 30 years. In 1976, the incidence

was approximately five tumours per million
population per year whereas in 2001 the incidence
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had reached just under 20 tumours per million
population per year. Much of this increase in
incidence is due to the advent of better non-
invasive diagnostic techniques, especially MR
scanning. This has also resulted in individuals
being investigated for acoustic neuroma who in the
past were considered unsuitable (e.g. the elderly,
those with significant comorbidity, etc.). The
incidence of giant tumours has dropped, whereas
that of small and medium-sized tumours has
increased. Overall, the median age at diagnosis has
not changed (around 55 years).

There are no regional or national tumour registries
in the UK for acoustic neuroma. Adding to the
challenge of data collection is that many of these
tumours are ‘diagnosed’ on imaging alone without
histological confirmation and may escape entry
into any database. Thus, trends in incidence are
difficult to capture and one is heavily reliant

on data from tertiary centres, which is often
unrepresentative of what is happening in the
general population.

Symptoms

The typical presentation of acoustic neuroma is
with symptoms of progressive unilateral hearing
impairment and associated tinnitus and imbalance.
These should be clear ‘red flags’ for investigation
and this would usefully be enshrined in clinical
protocols. It should also be borne in mind that
atypical presentation with facial pain, otalgia or
facial numbness occurs, and the clinician’s acumen
should bear this possibility in mind.

Although the biology of the tumours is well
understood, the pathophysiological mechanisms by
which patients become symptomatic are not, and
much of the relevant literature is inferential rather
than based on experimental evidence.

Growth

Most of the studies that have explored the natural
history and growth of acoustic neuromas have
one or more serious weaknesses. It is therefore
very difficult to draw any conclusions or make

any comparisons between studies. However, the
evidence is that the pattern and rate of growth
and the predictors of growth are highly variable.
Acoustic neuromas may grow, not grow or get
smaller, the rate of change may be fast, slow or
delayed, and no reliable predictors of growth have
been identified, i.e. there is no useful information
in the reviewed literature.

Recommendations

Future research

e The evidence highlights the need for primary
longitudinal studies to address several
unanswered questions. The studies reviewed
were generally of poor quality in terms of
the detail of reporting of the methodology as
well as the consistency of reporting, and it is
recommended that studies be undertaken to
provide evidence of the true incidence and
natural history of acoustic neuroma. To ensure
that the findings are timely, apply to current
practice and have sufficient numbers of subjects
to draw robust conclusions, such studies should
be collaborative and multicentre.

e A national audit should explore the true
prevalence of unilateral auditory symptoms
and their relation to acoustic neuroma.

e This review did not address issues of treatment
strategies or outcomes, and useful knowledge
would be gathered and disseminated by a
systematic review of the evidence around these
issues.

e Further research is required to provide
evidence to more fully understand the
pathophysiological mechanisms by which
patients become symptomatic.

* The evidence reviewed was not current and it is
recommended that studies of current practice
be undertaken. Developments in technology
have reduced the costs of imaging and
increased the resolution achievable.

Imaging strategies

In determining the most appropriate approach to
imaging, consideration should be given to:

e the demographics of the referral population

e the clinical and audiological criteria for ASHI
or tinnitus

e ensuring that referring clinicians are aware of
the referral criteria

e the definitions of the pathologies to be
detected

e the definitions of the criteria for a normal or
abnormal study

e the experience of the radiologist

* variations to the management pathways for
specific pathologies, including variations
dependent on age, lesion location, lesion size
and comorbidities (NF2)

e evaluation of the whole brain to enable
detection of related unexpected or coincidental
pathologies
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* standardisation and specification of the
measurement method used to document
acoustic neuroma size, to minimise inter- and
intra-observer variation at follow-up.

Costs
e The range of national costs should be available

for contrast- and non-contrast-enhanced MR
imaging and for ABR measurement, taking
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into account differing service provision in
different sites.

Natural history

* A national tumour registry should be
established for acoustic neuroma in the UK.

e There is an urgent need for a consensus
method of measuring tumours and evaluating
growth, taking into account their three
dimensions.
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Search strategies used in the systematic review

Search strategies

A comprehensive literature search was conducted
in October 2006 to identify relevant literature
pertaining to acoustic neuroma. Three major
searches were undertaken, which were designed to
retrieve:

* papers describing the natural history of
acoustic neuroma

* papers on the effectiveness of different
techniques for diagnosing acoustic neuroma

* papers on the costs associated with acoustic
neuroma.

The following electronic bibliographic databases
were searched:

1. Allied and Complementary Medicine (AMED)
via Ovid Online, 1982—

2. BIOSIS previews (Biological Abstracts) via

Webspirs, 1986-

British Nursing Index (BNI) via Dialog, 1994—

4. Cumulative Index to Nursing and Allied
Health Literature (CINAHL) via Ovid Online,
1982-

5. Cochrane Database of Systematic Reviews
(CDSR), 1991-

6. Cochrane Central Register of Controlled Trials

(CENTRAL), 1991~

EMBASE via Ovid Online, 1980-

HEED via OHE

MEDLINE via Ovid Online, 1966—

0. MEDLINE In-Process & Other Non-Indexed

Citations via Ovid Online

11. NHS Database of Abstracts of Reviews of
Effects (DARE), 1994—

12. NHS Economic Evaluations Database (NHS
EED), 1995-

13. NHS Health Technology Assessment (HTA)
Database, 1998—

14. PsycINFO via Dialog, 1806—

15. Science Citation Index (SCI) via WOK, 1900—

16. Social Sciences Citation Index (SSCI) via WOK,
1956-

e

= O %o
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Attempts were also made to identify ‘grey’ literature
by searching appropriate databases (e.g. King’s
Fund via Dialog, 1979—; DH-Data via Dialog,
1983-) and current research registers (e.g. National
Research Register).

The main searches were limited to literature from
1980 to 2006. A further simplified updating search
(October 2006-August 2008) was conducted before
the final submission of the report. This search used
only the terms acoustic neuroma and vestibular
schwannoma and searched MEDLINE, EMBASE,
PubMed and HEED (see Figure 14, Appendix 2).

With the larger and more sophisticated databases
(e.g. MEDLINE, CINAHL, EMBASE) search

filters were utilised to retrieve relevant studies. A
natural history filter was added on to the searches
to retrieve papers on the natural history of acoustic
neuroma. A diagnostic filter was used to retrieve
studies on the effectiveness of the different
diagnostic techniques for acoustic neuroma. An
economics filter was used to retrieve papers on the
costs associated with acoustic neuroma.

The full search strategies for each database are
provided below.

AMED

acoustic neuroma$.mp.

acoustic lesion$.mp.

acoustic neurinoma$.mp.
vestibular nerve tumor$.mp.
vestibular nerve tumour$.mp.
vestibular nerve lesion$.mp.
vestibular schwannoma$.mp.
intracranial tumor$.mp.

. intracranial tumour$.mp.

10. intracranial lesion$.mp.

11. cerebellopontine angle lesion$.mp.
12. cerebellopontine angle tumor$.mp.
13. cerebellopontine angle tumour$.mp.
14. or/1-13

© PN O 0N =

Filters were not used on the AMED database.
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BIOSIS
Natural history

acoustic neuroma$.mp.

acoustic lesion$.mp.

acoustic neurinoma$.mp.
vestibular nerve tumour$.mp.
vestibular nerve tumor$.mp.
vestibular nerve lesion$.mp.
vestibular schwannoma.mp.
intracranial tumor$.mp.

9. intracranial tumour$.mp.

10. intracranial lesion$.mp.

11. cerebellopontine angle tumour$.mp.
12. cerebellopontine angle tumor$.mp.
13. cerebellopontine angle lesion$.mp.
14. or/1-13

15. natural history.mp.

16. incidence.mp. or Epidemiology/
17. epidemiology.mp.

18. prevalence.mp.

19. or/15-18

20. 14 and 19

S A e

The terms describing acoustic neuroma 1-13 were
combined with the natural history filters, terms
15-18.

Clinical effectiveness and
cost-effectiveness

acoustic neuroma$.mp.

acoustic lesion$.mp.

acoustic neurinoma$.mp.
vestibular nerve tumour$.mp.
vestibular nerve tumor$.mp.
vestibular nerve lesion$.mp.
vestibular schwannoma.mp.
intracranial tumor$.mp.

9. intracranial tumour$.mp.

10. intracranial lesion$.mp.

11. cerebellopontine angle tumour$.mp.
12. cerebellopontine angle tumor$.mp.
13. cerebellopontine angle lesion$.mp.
14. or/1-13

15. magnetic resonance imaging.mp.
16. mri.mp.

17. nmr.mp.

18. antoni classification.mp.

19. computed tomography.mp.

20. CAT.mp.

21. electrocochleography.mp.

22. EcochG.mp.

23. auditory steady state response.mp.
24. ASSR.mp.

25. electric response audiometry.mp.
26. ERA.mp.

S A e

27. auditory brainstem response.mp.
28. ABR.mp.

29. brainstem evoked response.mp.
30. BSER.mp.

31. BAER.mp.

32. otoacoustic emission$.mp.

33. (OAE or OAE DP OAE).mp.
34. stapedial reflex.mp.

35. tone decay reflex.mp.

36. vestibular function.mp.

37. (caloric test$or calorics).mp.
38. or/15-37

39. 14 and 38

The acoustic neuroma terms 1-13 were combined
with terms for the different diagnostic techniques
15-37.

British Nursing Index

ACOUSTIC AD] NEUROMAS$
ACOUSTIC AD] NEURINOMAS$
ACOUSTIC AD] TUMORS$
ACOUSTIC AD] TUMOURS$
ACOUSTIC ADJ LESION$
VESTIBULAR ADJ] NERVE AD] TUMORS$
VESTIBULAR ADJ] NERVE AD] TUMOURS$
VESTIBULAR ADJ] NERVE AD] LESION$
VESTIBULAR AD] SCHWANNOMAS$
. INTRACRANIAL AD] TUMOURS$
. INTRACRANIAL AD] TUMORS$
. INTRACRANIAL ADJ LESION$
. CEREBELLOPONTINE ADJ ANGLE AD]
LESION$
14. CEREBELLOPONTINE AD] ANGLE AD]J
TUMORS$
15. CEREBELLOPONTINE AD] ANGLE AD]J
TUMOURS$
16. CPA
17.10R20OR 3 0OR 4 OR5O0OR6OR7O0RS8O0OR
90OR 100OR 11 OR 12 OR 13 OR 14 OR 15
OR 16

© PN O 0N =

ek ke
LN = O

Filters were not used on the BNI database.

CRD

acoustic AND neuroma®* OR acoustic AND lesion*
OR acoustic AND neurinoma* OR vestibular AND
nerve AND tumor* OR vestibular AND nerve AND
tumour* OR vestibular AND nerve AND lesion*
OR vestibular AND schwannoma* OR intracranial
AND tumor* OR intracranial AND tumour* OR
intracranial AND lesion* OR cerebellopontine
AND angle AND lesion* OR cerebellopontine AND
angle AND tumor* OR cerebellopontine AND
angle AND tumour*
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Filters were not used on the CRD databases.

CINAHL
Natural history

exp Neuroma, Acoustic/

acoustic neuroma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

acoustic neurinoma$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumour$or intracranial tumor$).
mp. [mp=title, subject heading word, abstract,
instrumentation|

10. intracranial lesion$.mp.

11. cerebellopontine angle lesion$.mp.

12. cerebellopontine angle tumour$.mp.

13. cerebellopontine angle tumor$.mp.

14. or/1-13

15. natural history.mp.

16. epidemiology.mp. or exp EPIDEMIOLOGY/
17. incidence.mp. or exp INCIDENCE/

18. prevalence.mp. or exp PREVALENCE/

19. or/15-18

20. 14 and 19

© PN O 00N~

The terms describing acoustic neuroma 1-13 were
combined with the natural history filters, terms
15-18.

Clinical effectiveness
With diagnostic filter

exp Neuroma, Acoustic/

acoustic neuroma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.
acoustic neurinoma$.mp.

vestibular nerve tumor$.mp.
vestibular nerve lesion$.mp.
vestibular schwannoma.mp.
(intracranial tumour$or intracranial tumor$).
mp. [mp=title, subject heading word, abstract,
Instrumentation]|

10. intracranial lesion$.mp.

11. cerebellopontine angle lesion$.mp.
12. cerebellopontine angle tumour$.mp.
13. cerebellopontine angle tumor$.mp.
14. or/1-13

15. exp Magnetic Resonance Imaging/
16. magnetic resonance imag$.mp.

17. mri.mp.

18. nmr.mp.

19. antoni classification.mp.

© PO Ok 00N~
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20. exp Tomography, X-Ray Computed/or
computed tomography.mp.

21. CAT.mp.

22. electrocochleography.mp. or exp Audiometry,
Evoked Response/

23. EcochG.mp.

24. auditory state response.mp.

25. ASSR.mp.

26. electric response audiometry.mp.

27. auditory brainstem response.mp. or exp
Evoked Potentials, Auditory, Brainstem/

28. AMR.mp.

29. brainstem evoked response.mp.

30. BSER.mp.

31. BAER.mp.

32. otoacoustic emission$.mp.

33. (OAE or OAE DP OAE).mp.

34. stapedial reflex.mp.

35. tone decay reflex.mp.

36. vestibular function.mp.

37. exp Vestibular Function Tests/

38. (caloric$or caloric test$).mp. [mp=title, subject
heading word, abstract, instrumentation]

39. or/15-38

40. exp “Sensitivity and Specificity”/

41. sensitivity.tw.

42. specificity.tw.

43. ((pre-test or pretest) adj probability).tw.

44. post-test probability.tw.

45. predictive value$.tw.

46. likelihood ratio$.tw.

47. or/40-46

48. 14 and 39 and 47

The terms describing acoustic neuroma 1-13 were
combined with the terms describing the different
diagnostic techniques filters, terms 15-38, and the
diagnostic search filters, terms 40—46.

Without diagnostic filter

exp Neuroma, Acoustic/

acoustic neuroma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

acoustic neurinoma$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumour$or intracranial tumor$).
mp. [mp=title, subject heading word, abstract,
instrumentation]

10. intracranial lesion$.mp.

11. cerebellopontine angle lesion$.mp.

12. cerebellopontine angle tumour$.mp.

13. cerebellopontine angle tumor$.mp.

14. or/1-13

© PN O 0N =
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15. exp Magnetic Resonance Imaging/

16. magnetic resonance imag$.mp.

17. mri.mp.

18. nmr.mp.

19. antoni classification.mp.

20. exp Tomography, X-Ray Computed/or
computed tomography.mp.

21. CATmp.

22. electrocochleography.mp. or exp Audiometry,
Evoked Response/

23. EcochG.mp.

24. auditory state response.mp.

25. ASSR.mp.

26. electric response audiometry.mp.

27. auditory brainstem response.mp. or exp
Evoked Potentials, Auditory, Brainstem/

28. AMR.mp.

29. brainstem evoked response.mp.

30. BSER.mp.

31. BAER.mp.

32. otoacoustic emission$.mp.

33. (OAE or OAE DP OAE).mp.

34. stapedial reflex.mp.

35. tone decay reflex.mp.

36. vestibular function.mp.

37. exp Vestibular Function Tests/

38. (caloric§or caloric test$).mp. [mp=title, subject
heading word, abstract, instrumentation]

39. or/15-38

40. 14 and 39

The search was also run without the diagnostic
filter. The additional references retrieved (without
the diagnostic filter) were then reviewed after the
references retrieved with the diagnostic filter to
ensure that no important studies were missed.

Cost-effectiveness

exp Neuroma, Acoustic/

acoustic neuroma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

acoustic neurinoma$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumour$or intracranial tumor$).
mp. [mp=title, subject heading word, abstract,
instrumentation]

10. intracranial lesion$.mp.

11. cerebellopontine angle lesion$.mp.

12. cerebellopontine angle tumour$.mp.

13. cerebellopontine angle tumor$.mp.

14. or/1-13

15. exp economics/

16. exp “financial management”/

© PO O 00N =

17. exp “financial support”/

18. exp “financing organized”/

19. exp “business”/

20. or/16-19

21. 20 not 15

22. Health resource allocation.sh.

23. Health resource utilization.sh.

24. 22 or 23

25. 21 or 24

26. (cost or costs or economic$or
pharmacoeconomic$or price$or pricing$).tw.

27. 25 or 26

28. Editorial.pt.

29. Letter.pt.

30. News.pt.

31. or/28-30

32. 27 not 31

33. “Animal studies”/

34. 32 not 33

35. Cochrane library.so.

36. Anonymous.au.

37. 34 not (35 or 36)

38. 14 and 37

The terms describing acoustic neuroma 1-13 were
combined with the economics filters, terms 15-37.

The Cochrane Library including
Cochrane Reviews, CENTRAL,
DARE, HTA and NHS EED

Natural history

1. MeSH descriptor Neuroma, Acoustic explode
all trees
acoustic neuroma*
acoustic neurinoma*
acoustic tumor*
acoustic tumour*
acoustic lesion*
vestibular nerve tumor#*
vestibular nerve tumour*
vestibular nerve lesion*
. vestibular schwannoma
. (intracranial tumour*):ti or (intracranial
tumour®*):ab or (intracranial tumor*):ab or
(intracranial tumor¥):ti
. (intracranial lesion*):ab or (intracranial
lesion™):t1
13. (cerebellopontine angle lesion*):ti or
(cerebellopontine angle lesion*):ab
(cerebellopontine angle tumor*):ti or
(cerebellopontine angle tumor®*):ab or
(
(

— = O 00 IO Uk 0ON

—
No

14.

cerebellopontine angle tumour*):ab or
cerebellopontine angle tumour®):ti

15. (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR
#7 OR #8 OR #9 OR #10 OR #11 OR #12
OR #13 OR #14)
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16. MeSH descriptor Natural History explode all
trees

17. (natural history):ti,ab,kw

18. MeSH descriptor Prevalence explode all trees

19. (prevalence):ti,ab,kw

20. MeSH descriptor Incidence explode all trees

21. (incidence):ti,ab,kw

22. MeSH descriptor Epidemiology explode all
trees

23. (epidemiology):ti,ab,kw

24. (#16 OR #17 OR #18 OR #19 OR #20 OR
#21 OR #22 OR #23)

25. (#15 AND #24)

The terms describing acoustic neuroma 1-14 were
combined with the natural history filters, terms
16-23.

Clinical effectiveness

1. MeSH descriptor Neuroma, Acoustic explode
all trees
(acoustic neuroma*)
acoustic neurinoma*
acoustic tumor*
acoustic tumour*
acoustic lesion*
vestibular nerve tumor*
vestibular nerve tumour*
vestibular nerve lesion*
. vestibular schwannoma
. (intracranial tumour®):ti or (intracranial
tumour®):ab or (intracranial tumor*):ab or
(intracranial tumor®):ti
12. (intracranial lesion*):ab or (intracranial
lesion*):ti
13. (cerebellopontine angle lesion*
(cerebellopontine angle lesion*
(cerebellopontine angle tumor*):ti or
(cerebellopontine angle tumor*):ab or
(
(

== 0PN o Ok 0N

— O

):ti or
):ab
14.

cerebellopontine angle tumour*):ab or
cerebellopontine angle tumour®):ti

15. (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR
#7 OR #8 OR #9 OR #10 OR #11 OR #12
OR #13 OR #14)

16. MeSH descriptor Magnetic Resonance Imaging
explode all trees

17. (magnetic resonance imag*):ab or (magnetic
resonance imag®):ti

18. (mri):ti or (mri):ab

19. (nmr):ti or (nmr):ab

20. (antoni classification):ab or (antoni
classification):ti

21. (computed tomography):ab or (computed
tomography):ti

22. (cat):ab or (cat):ti

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

23.

24.
25.

26.
27.

28.
29.

30.
31.

32.
33.

34.
35.
36.
37.
38.
39.

40.

41.
42.

43.

(electrocochleography):ab or
(electrocochleography):ti

(ecochg):ti or (ecochg):ab

(auditory steady state response*):ti or (auditory
steady state response*):ab

(assr):ab or (assr):ti

(electric response audiometry):ab or (electric
response audiometry):ti

(era):ab or (era):ti

(auditory brainstem response*):ab or (auditory
brainstem response®):ti

(abr):ab or (abr):ti

(brainstem evoked response*):ab or (brainstem
evoked response®):ti

(bser):ab or (bser):ti or (baer):ab or (baer):ti
(otoacoustic emission*):ab or (otoacoustic
emission®):ti

(oae):ab or (oae):ti

(eoae):ab or (eoae):ti

(dpoae):ab or (dpoae):ti

(stapedial reflex®):ab or (stapedial reflex*):ti
(tone delay reflex*):ab or (tone delay reflex*):ti
MeSH descriptor Vestibular Function Tests
explode all trees

(vestibular function*):ab or (vestibular
function*®):ti

(calorics):ab or (calorics):ti

(#16 OR #17 OR #18 OR #19 OR #20 OR
#21 OR #22 OR #23 OR #24 OR #25 OR
#26 OR #27 OR #28 OR #29 OR #30 OR
#31 OR #32 OR #33 OR #34 OR #35 OR
#36 OR #37 OR #38 OR #39 OR #40 OR
#41)

(#15 AND #42)

The terms describing acoustic neuroma 1-14 were
combined with the terms describing the different
diagnostic techniques 16—41.

Cost-effectiveness

1.

— = O 00 IO Ok N

—_
N

MeSH descriptor Neuroma, Acoustic explode
all trees

(acoustic neuroma*)

acoustic neurinoma*

acoustic tumor*

acoustic tumour®

acoustic lesion*

vestibular nerve tumor*

vestibular nerve tumour*

vestibular nerve lesion*

. vestibular schwannoma
. (intracranial tumour®):ti or (intracranial

tumour¥®):ab or (intracranial tumor¥):ab or
(intracranial tumor*):ti

. (intracranial lesion*):ab or (intracranial

lesion*):ti
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13. (cerebellopontine angle lesion*):ti or
cerebellopontine angle lesion*):ab
14. (cerebellopontine angle tumor®):ti or

cerebellopontine angle tumor*):ab or

cerebellopontine angle tumour*):ab or

cerebellopontine angle tumour®):ti

15. (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR
#7 OR #8 OR #9 OR #10 OR #11 OR #12
OR #13 OR #14)

Py

The NHS EED database in the Cochrane Library
was searched for cost-effectiveness papers using the
acoustic neuroma, terms 1-14.

DH-Data

ACOUSTIC AD] NEUROMAS$

ACOUSTIC AD] NEURINOMAS$

ACOUSTIC AD] TUMORS$

ACOUSTIC AD] TUMOURS$

ACOUSTIC ADJ LESION$

VESTIBULAR ADJ NERVE AD] TUMORS$

VESTIBULAR ADJ NERVE AD] TUMOUR$

VESTIBULAR ADJ NERVE ADJ LESION$

9. VESTIBULAR AD] SCHWANNOMA$

10. INTRACRANIAL AD] TUMOURS$

11. INTRACRANIAL AD] TUMORS$

12. INTRACRANIAL ADJ LESION$

13. CEREBELLOPONTINE AD] ANGLE AD]J
LESION$

14. CEREBELLOPONTINE AD]J ANGLE AD]J
TUMORS$

15. CEREBELLOPONTINE AD]J ANGLE AD]J
TUMOURS$

16. CPA

17.10R20OR30OR4 OR5OR6OR7O0ORS8O0OR

9OR 10 OR 11 OR 12 OR 13 OR 14 OR 15

OR 16

® o Ok =

Filters were not used on the DH-Data database.

EMBASE
Natural history

1. exp Acoustic Neurinoma/
acoustic neuroma$.mp.

3. (acoustic and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]

4. (vestibular nerve and (tumour$or tumor$)).mp.

[mp=title, abstract, subject headings, heading

word, drug trade name, original title, device

manufacturer, drug manufacturer name]
vestibular schwannoma.mp.

6. exp Intracranial Tumor/

o

7. (intracranial and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]
cerebellopontine angle lesion$.mp.

9. (cerebellopontine angle and (tumour$or
tumor$)).mp. [mp=title, abstract, subject
headings, heading word, drug trade name,
original title, device manufacturer, drug
manufacturer name]

10. acoustic lesion$.mp.

11. vestibular nerve lesion$.mp.

12. intracranial lesion$.mp.

13. CPA.mp.

14. or/1-13

15. natural history.mp. or exp History/

16. incidence.mp. or exp INCIDENCE/

17. prevalence.mp. or exp PREVALENCE/

18. exp EPIDEMIOLOGY/or epidemiology.mp.

19. or/15-18

20. 14 and 19

®

The terms describing acoustic neuroma 1-13 were
combined with the natural history filters, terms
15-18.

Clinical effectiveness
With diagnostic filter

1. exp Acoustic Neurinoma/

2. acoustic neuroma$.mp.

3. (acoustic and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]

4. (vestibular nerve and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]

5. vestibular schwannoma.mp.
6. exp Intracranial Tumor/
7. (intracranial and (tumour$or tumor$)).mp.

[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]

8. cerebellopontine angle lesion$.mp.

9. (cerebellopontine angle and (tumour$or
tumor$)).mp. [mp=title, abstract, subject
headings, heading word, drug trade name,
original title, device manufacturer, drug
manufacturer name]

10. acoustic lesion$.mp.

11. vestibular nerve lesion$.mp.

12. intracranial lesion$.mp.

13. CPA.mp.

14. magnetic resonance imaging.mp. or exp
Nuclear Magnetic Resonance Imaging/
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15. magnetic resonance image$.mp.

16. mri.mp. or Nuclear Magnetic Resonance
Imaging/

17. nmr.mp.

18. antoni classification.mp.

19. computed tomography.mp. or exp Computer
Assisted Tomography/

20. CAT.mp.

21. electrocochleography.mp. or exp

ELECTROCOCHLEOGRAPHY/

ecochG.mp.

auditory steady state response/or auditory

steady state response$.mp.

ASSR.mp.

electric response audiometry.mp.

ERA.mp. or exp Evoked Response Audiometry/

auditory brainstem response.mp.

ABR.mp.

brainstem evoked response.mp. or exp Evoked

Brain Stem Response/

30. BSER.mp.

31. BAER.mp.

32. otoacoustic emissions.mp. or exp Otoacoustic

Emission/

OAE.mp.

stapedial reflex.mp. or exp Acoustic Reflex/

tone decay reflex.mp.

exp Vestibular Function/

calorics.mp. or CALORIC VESTIBULAR

TEST/

calorics.mp. or exp CALORIC VESTIBULAR

TEST/

39. or/14-38

40. or/1-13

41. 39 and 40

42. exp “SENSITIVITY AND SPECIFICITY”/

43. sensitivity.tw.

44. specificity.tw.

45. ((pre-test or pretest) adj probability).tw.

46. post-test probability.tw.

47. predictive value$.tw.

48. likelihood ratio$.tw.

49. *Diagnostic Accuracy/

50. or/42-49

51. 41 and 50

22.
23.

24.
25.
26.
27.
28.
29.

33.
34.
35.
36.
37.

38.

The terms describing acoustic neuroma 1-13 were
combined with the terms describing the different
diagnostic techniques filters, terms 14-38, and the
diagnostic search filters, terms 42—49.

Without diagnostic filter

1. exp Acoustic Neurinoma/

2. acoustic neuroma$.mp.

3. (acoustic and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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®

10.
11.
12.
13.
14.

15.
16.

17.
18.
19.

20.
21.

22.
23.

24.
25.
26.
27.
28.
29.

30.
31.
32.

33.
34.
35.
36.
37.

38.

39.

word, drug trade name, original title, device
manufacturer, drug manufacturer name]
(vestibular nerve and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]
vestibular schwannoma.mp.

exp Intracranial Tumor/

(intracranial and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]
cerebellopontine angle lesion$.mp.
(cerebellopontine angle and (tumour$or
tumor$)).mp. [mp=title, abstract, subject
headings, heading word, drug trade name,
original title, device manufacturer, drug
manufacturer name]

acoustic lesion$.mp.

vestibular nerve lesion$.mp.

intracranial lesion$.mp.

CPA.mp.

magnetic resonance imaging.mp. or exp
Nuclear Magnetic Resonance Imaging/
magnetic resonance image$.mp.

mri.mp. or Nuclear Magnetic Resonance
Imaging/

nmr.mp.

antoni classification.mp.

computed tomography.mp. or exp Computer
Assisted Tomography/

CAT.mp.

electrocochleography.mp. or exp
ELECTROCOCHLEOGRAPHY/

ecochG.mp.

auditory steady state response/or auditory
steady state response$.mp.

ASSR.mp.

electric response audiometry.mp.

ERA.mp. or exp Evoked Response Audiometry/
auditory brainstem response.mp.

ABR.mp.

brainstem evoked response.mp. or exp Evoked
Brain Stem Response/

BSER.mp.

BAER.mp.

otoacoustic emissions.mp. or exp Otoacoustic
Emission/

OAE.mp.

stapedial reflex.mp. or exp Acoustic Reflex/
tone decay reflex.mp.

exp Vestibular Function/

calorics.mp. or CALORIC VESTIBULAR
TEST/

calorics.mp. or exp CALORIC VESTIBULAR
TEST/

or/14-38 113
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40. or/1-13
41. 39 and 40

The search was also run without the diagnostic
filter. The additional references retrieved (without
the diagnostic filter) were then reviewed after the
references retrieved with the diagnostic filter to
ensure that no important studies were missed.

Cost-effectiveness

1. exp Acoustic Neurinoma/
acoustic neuroma$.mp.

3. (acoustic and (tumour$or tumor$)).mp.
[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]

4. (vestibular nerve and (tumour$or tumor$)).mp.

[mp=title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer name]
vestibular schwannoma.mp.

exp Intracranial Tumor/

(intracranial and (tumour$or tumor$)).mp.

[mp=title, abstract, subject headings, heading

word, drug trade name, original title, device

manufacturer, drug manufacturer name]
cerebellopontine angle lesion$.mp.

9. (cerebellopontine angle and (tumour$or
tumor$)).mp. [mp=title, abstract, subject
headings, heading word, drug trade name,
original title, device manufacturer, drug
manufacturer name]

10. acoustic lesion$.mp.

11. vestibular nerve lesion$.mp.

12. intracranial lesion$.mp.

13. CPA.mp.

14. exp SOCIOECONOMICS/

15. exp “Cost Benefit Analysis”/

16. exp “Cost Effectiveness Analysis”/

17. exp “Cost of Illness”/

18. exp “Cost Control”/

19. exp Economic Aspect/

20. exp Financial Management/

21. exp “Health Care Cost”/

22. exp Health Care Financing/

23. exp Health Economics/

24. exp “Hospital Cost”/

25. (financial or fiscal or finance or funding).tw.

26. exp “Cost Minimization Analysis”/

27. (cost adj estimate$).mp.

28. (cost adj variable$).mp.

29. (unit adj cost$).mp.

30. or/14-29

31. or/1-13

32. 30 and 31

o

e

®

The terms describing acoustic neuroma 1-13 were
combined with the economics filters, terms14-29.

HEED
Cost-effectiveness

ALL DATA (acoustic neuroma OR acoustic
neurinoma OR acoustic tumor OR acoustic
tumour OR vestibular nerve tumor OR vestibular
nerve tumour OR vestibular schwannoma OR
intracranial tumor OR intracranial tumour OR
cerebellopontine angle lesion OR cerebellopontine
tumor OR cerebellopontine tumour OR acoustic
lesion OR vestibular nerve lesion OR intracranial
lesion)

HEED is a database of economic evaluation so it
was searched only for cost-effectiveness papers.

King’s Fund

ACOUSTIC AD] NEUROMAS$
ACOUSTIC AD] NEURINOMAS$
ACOUSTIC AD] TUMORS$
ACOUSTIC AD] TUMOURS$
ACOUSTIC ADJ LESION$
VESTIBULAR ADJ] NERVE AD] TUMORS$
VESTIBULAR ADJ] NERVE AD] TUMOURS$
VESTIBULAR ADJ] NERVE AD] LESION$
VESTIBULAR AD] SCHWANNOMAS$
. INTRACRANIAL AD] TUMOURS$
. INTRACRANIAL AD] TUMORS$
. INTRACRANIAL ADJ LESION$
. CEREBELLOPONTINE ADJ ANGLE AD]
LESION$
14. CEREBELLOPONTINE AD] ANGLE AD]J
TUMORS$
15. CEREBELLOPONTINE AD] ANGLE AD]J
TUMOURS$
16. CPA
17.10R20OR 3 0OR 4 OR5O0OR6OR7O0RS8O0OR
90OR 10 OR 11 OR 12 OR 13 OR 14 OR 15
OR 16

© PN O 0N =

ek ke
LN = O

Filters were not used on the King’s Fund database.

MEDLINE and MEDLINE In-Process
Natural history

1. acoustic neuroma$.mp. or exp Neuroma,
Acoustic/

acoustic neurinoma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

N OOtk o
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8. (intracranial tumor$or intracranial tumour$).
mp. [mp=title, original title, abstract, name of
substance word, subject heading word]

9. intracranial lesion$.mp.

10. cerebellopontine angle lesion$.mp.

11. cerebellopontine angle tumor§.mp.

12. cerebellopontine angle tumour$.mp.

13. or/1-12

14. natural history.mp. or exp Natural History/

15. incidence.mp. or exp Incidence/

16. prevalence.mp. or exp Prevalence/

17. exp Epidemiology/or epidemiology.mp.

18. or/14-17

19. 13 and 18

The terms describing acoustic neuroma 1-12 were
combined with the natural history filters, terms
14-17.

Clinical effectiveness
With diagnosis filter

1. acoustic neuroma$.mp. or exp Neuroma,

Acoustic/

acoustic neurinoma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumor$or intracranial tumour$).

mp. [mp=title, original title, abstract, name of

substance word, subject heading word]

9. intracranial lesion$.mp.

10. cerebellopontine angle lesion$.mp.

11. cerebellopontine angle tumor$.mp.

12. cerebellopontine angle tumour$.mp.

13. or/1-12

14. exp magnetic resonance imaging/or magnetic
resonance imag$.mp.

15. MRLmp.

16. NMR.mp.

17. antoni classification.mp.

18. exp tomography, X-ray computed/or computed
tomography.mp.

19. CATmp.

20. electrocochleography.mp. or exp Audiometry,
evoked response/

21. EcochG.mp.

22. auditory steady state response.mp.

23. ASSR.mp.

24. electric response audiometry.mp.

25. ERA.mp.

26. auditory brainstem response.mp. or exp
evoked potentials, auditory, brain stem/

27. ABR.mp.

28. brainstem evoked response.mp.

S A T
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29. BSER.mp.

30. BAER.mp.

31. otoacoustic emission$.mp.

32. (OAE or OAE DP OAE).mp.

33. stapedial reflex.mp.

34. tone decay reflex.mp.

35. vestibular function.mp.

36. exp caloric tests/or calorics.mp.
37. or/14-36

38. exp “Sensitivity and Specificity”/
39. sensitivity.tw.

40. specificity.tw.

41. ((pre-test or pretest) adj probability).tw.
42. post-test probability.tw.

43. predictive value$.tw.

44. likelihood ratio$.tw.

45. or/38-44

46. 13 and 37 and 45

The terms describing acoustic neuroma 1-12 were
combined with the terms describing the different
diagnostic techniques filters, terms 14-36, and the
diagnostic search filters, terms 39-45.

Without diagnostic filter

1. acoustic neuroma$.mp. or exp Neuroma,

Acoustic/

acoustic neurinoma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumor$or intracranial tumour$).

mp. [mp=title, original title, abstract, name of

substance word, subject heading word]

9. intracranial lesion$.mp.

10. cerebellopontine angle lesion$.mp.

11. cerebellopontine angle tumor$.mp.

12. cerebellopontine angle tumour$.mp.

13. or/1-12

14. exp magnetic resonance imaging/or magnetic
resonance imag$.mp.

15. MRIL.mp.

16. NMR.mp.

17. antoni classification.mp.

18. exp tomography, X-ray computed/or computed
tomography.mp.

19. CAT.mp.

20. electrocochleography.mp. or exp Audiometry,
evoked response/

21. EcochG.mp.

22. auditory steady state response.mp.

23. ASSR.mp.

24. electric response audiometry.mp.

25. ERA.mp.

PN Ok 0N
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26. auditory brainstem response.mp. or exp
evoked potentials, auditory, brain stem/

27. ABR.mp.

28. brainstem evoked response.mp.

29. BSER.mp.

30. BAER.mp.

31. otoacoustic emission$.mp.

32. (OAE or OAE DP OAE).mp.

33. stapedial reflex.mp.

34. tone decay reflex.mp.

35. vestibular function.mp.

36. exp caloric tests/or calorics.mp.

37. or/14-36

38. 13 and 37

The search was also run without the diagnostic
filter. The additional references retrieved (without
the diagnostic filter) were then reviewed after the
references retrieved with the diagnostic filter to
ensure that no important studies were missed.

Cost-effectiveness

1. acoustic neuroma$.mp. or exp Neuroma,

Acoustic/

acoustic neurinoma$.mp.

acoustic lesion$.mp.

vestibular nerve tumour$.mp.

vestibular nerve tumor$.mp.

vestibular nerve lesion$.mp.

vestibular schwannoma.mp.

(intracranial tumor$or intracranial tumour$).

mp. [mp=title, original title, abstract, name of

substance word, subject heading word]

9. intracranial lesion$.mp.

10. cerebellopontine angle lesion$.mp.

11. cerebellopontine angle tumor$.mp.

12. cerebellopontine angle tumour$.mp.

13. or/1-12

14. Economics/

15. exp “Costs and Cost Analysis”/

16. economic value of life/

17. exp economics hospital/

18. exp economics medical/

19. economics nursing/

20. exp models economic/

21. Economics, Pharmaceutical/

22. exp “Fees and Charges”/

23. exp budgets/

24. ec.fs.

25. (cost or costs or costed or costly or costing$).tw.

26. (economic$or pharmacoecomomic$or price$or
pricing$).tw.

27. quality adjusted life years/

28. (qaly or qaly$).af.

29. or/14-28

30. 13 and 29

Sl N

The terms describing acoustic neuroma 1-12 were
combined with the economics filters, terms 13-28.

PsycINFO

Natural history

© PN O 0N =

— e e e e =
O O OO N — O

18.
19.
20.
21.

22.
23.
24.
25.
26.

27.

acoustic neuroma*
acoustic neurinoma*
acoustic tumor*

acoustic tumour*
vestibular nerve tumor*
vestibular nerve tumour*
vestibular schwannoma*
intracranial tumour*
intracranial tumor*

. cerebellopontine angle lesion*

. cerebellopontine angle tumor*

. cerebellopontine angle tumour*

. cpa

. intracranial lesion*

. vestibular nerve lesion*

. acoustic lesion*

. (cerebellopontine angle lesion*) or

(intracranial tumor*) or (intracranial tumour#*)
or (vestibular schwannoma*) or (vestibular
nerve tumour®) or (vestibular nerve tumor®)
or (acoustic tumour*) or (acoustic tumor*) or
(acoustic neurinoma*) or (acoustic neuroma*)
or (acoustic lesion*) or (vestibular nerve
lesion*) or (intracranial lesion*) or (cpa)

or (cerebellopontine angle tumour*) or
(cerebellopontine angle tumor*)
NATURAL-HISTORY
NATURAL-HISTORY-OF-DISEASE

natural history

(natural history) or (NATURAL-HISTORY-OF-
DISEASE) or (NATURAL-HISTORY)
PREVALENCE

INCIDENCE

“Epidemiology-" in MJ,MN

epidemiology

(“Epidemiology-" in M]J,MN) or (INCIDENCE)
or (PREVALENCE) or ((natural history) or
(NATURAL-HISTORY-OF-DISEASE) or
(NATURAL-HISTORY)) or (natural history)
or (NATURAL-HISTORY-OF-DISEASE) or
(NATURAL-HISTORY) or (epidemiology)
((“Epidemiology-" in M]J,MN) or
(INCIDENCE) or (PREVALENCE) or
((natural history) or (NATURAL-HISTORY-
OF-DISEASE) or (NATURAL-HISTORY)) or
(natural history) or (NATURAL-HISTORY-
OF-DISEASE) or (NATURAL-HISTORY)

or (epidemiology)) and ((cerebellopontine
angle lesion*) or (intracranial tumor¥*)
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or (intracranial tumour*) or (vestibular
schwannoma®*) or (vestibular nerve tumour®) or
(vestibular nerve tumor¥*) or (acoustic tumour®)
or (acoustic tumor*) or (acoustic neurinoma¥*)
or (acoustic neuroma¥*) or (acoustic lesion*)

or (vestibular nerve lesion*) or (intracranial
lesion*) or (cpa) or (cerebellopontine angle
tumour®) or (cerebellopontine angle tumor*))

The terms describing acoustic neuroma 1-16 were
combined with the natural history filters, terms
18-25.

Clinical effectiveness and

cost-effectiveness

acoustic neuroma*

acoustic neurinoma*

acoustic tumor*

acoustic tumour*

vestibular nerve tumor*

vestibular nerve tumour*

vestibular schwannoma*

intracranial tumour*

9. intracranial tumor*

10. cerebellopontine angle lesion*

11. cerebellopontine angle tumor*

12. cerebellopontine angle tumour*

13. cpa

14. intracranial lesion*

15. vestibular nerve lesion*

16. acoustic lesion*

17. (cerebellopontine angle lesion*) or
(intracranial tumor*) or (intracranial tumour®)
or (vestibular schwannoma*) or (vestibular
nerve tumour*) or (vestibular nerve tumor*)
or (acoustic tumour*) or (acoustic tumor*) or
(acoustic neurinoma*) or (acoustic neuroma¥*)
or (acoustic lesion*) or (vestibular nerve
lesion*) or (intracranial lesion*) or (cpa)
or (cerebellopontine angle tumour*) or
(cerebellopontine angle tumor®)

PN Ok 0N~

A diagnostic and cost-effectiveness filter was not
used.

Research Findings Register (ReFeR)

acoustic neuroma* OR acoustic lesion* OR
acoustic neurinoma* OR vestibular nerve tumor*
OR vestibular nerve tumour* OR vestibular
nerve lesion* OR vestibular schwannoma* OR
intracranial tumor* OR intracranial tumour* OR
intracranial lesion* OR cerebellopontine angle
lesion* OR cerebellopontine angle tumor* OR
cerebellopontine angle tumour*

Filters were not used on ReFeR.
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Science and Social Science
Citation Indexes

Natural history

1. TI=(acoustic neuroma* or acoustic
neurinoma* or AN or acoustic tumour® or
acoustic tumor* or vestibular nerve tumour*
or vestibular nerve tumor* or vestibular
schwannoma or VS)

2. TI=(intracranial tumour* or intracranial
tumor* or cerebellopontine angle lesion*
or cerebellopontine angle tumour* or
cerebellopontine angle tumor* or CPA)

3. lor2

4. TTI=(natural history or prevalence or incidence
or epidemiology)

5. 3and 4

The acoustic neuroma terms 1 and 2 were
combined with the natural history term 4.

Clincial effectiveness and
cost-effectiveness

1. TI=(magnetic resonance imag* or MRI or
NMR or Antoni classification of computed
tomography or CAT or electrocochleography
or EcochG or auditory steady state response*
or ASSR or electric response audiometry or
ERA or auditory brainstem response* or ABR
or brainstem evoked response* or BSER or
BAER or otoacoustic emission* or OAE or
DP OAE or OAE DP OAE or stapedial reflex
or tone decay reflex or vestibular function or
calorics)

2. TI=(acoustic neuroma* or acoustic
neurinoma®* or AN or acoustic tumour®* or
acoustic tumor* or vestibular nerve tumour*
or vestibular nerve tumor* or vestibular
schwannoma or VS)

3. TI=(intracranial tumour* or intracranial
tumor* or cerebellopontine angle lesion*
or cerebellopontine angle tumour* or
cerebellopontine angle tumor* or CPA)

4. 2o0r3

5. land4

The acoustic neuroma terms 2 and 3 were
combined with the diagnostic technique term 1.

TRIP

(acoustic neuroma OR acoustic neurinoma OR
acoustic tumor OR acoustic tumour OR vestibular
nerve tumor OR vestibular nerve tumour OR
vestibular schwannoma OR intracranial tumor
OR intracranial tumour OR cerebellopontine
angle lesion OR cerebellopontine tumor OR
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cerebellopontine tumour OR acoustic lesion OR
vestibular nerve lesion OR intracranial lesion) Title
and text

Filters were not used on TRIP.
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Process of inclusion of selected studies
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Potentially relevant
articles identified

)

)

n= 13,887 titles
\ 4
Potentially relevant articles
n= 12,732 titles
h 4
Potentially relevant articles
n = 366 titles
A4
Abstracts sought
n=37I
v

Abstracts assessed
for relevance
n=336

h 4

Full papers sought
n=17l

v

Full papers retrieved and
assessed for relevance
n=160

v

Full papers retained
n=57

Papers included in review

n=32
Total number of studies
n=27

Duplicates deleted n = | 155

Excluded on title, assessed as not relevant n = 12,077
Excluded as dated pre-1990, too early for MR imaging n = 289

Titles from natural history theme identified as relevant
to clinical effectiveness n =5

Abstracts not retrieved:
comments only n = 10; conference abstracts n = |
foreign language n = 4; rejected as no useful datan = |7
unable to locate n =3

Excluded on abstract, assessed as not relevant n = 167
Abstracts from the Fourth International Conference proceedings
on VS and other CPA lesions identified as relevant n = 2

Full papers not retrieved:
foreign languages n = 9; duplicate n = |
rejected as not relevant n = |

Papers rejected (Appendix 4):

no comparative MR imaging data n = 28

no comparator to MR imaging, i.e. only MR imaging data n = 26

no clinical data n = 15; no usable clinical data n = 14

foreign languages, English abstract only, no usable datan = 14

not ANs n = 5; unclear whether MR imaging or CT comparator n = 2
Papers from natural history theme identified as relevant
to clinical effectiveness n = |

Papers excluded at data extraction stage (Appendix 4): n = 25
no comparative MR imaging datan = 8
no usable clinical data n = 5; no detection of AN n =3
duplicate n = 2; no gold standard n = 2
no comparator to MR imaging, i.e. only MR imaging datan = |
no clinical data n = |; unproven new technique n = |
data incomplete n = |; data too old n = |

Figure 11 Flow chart detailing the process of identification and selection of relevant papers: clinical effectiveness. AN, acoustic
neuroma; CPA, cerebellopontine angle; VS, vestibular schwannoma.
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Potentially relevant
articles identified

n = 2754 titles
Duplicates deleted n = 249
v
Potentially relevant articles
n = 2505 titles
Excluded on title, assessed as not relevant n = 1755
v
| Potentially relevant articles
n =750 titles
Excluded on title by team experts n = 665
h 4
Abstracts sought
n=285
J
Full papers retrieved n = 54; abstracts only n = 29
v Abstracts not retrieved: unable to locate n = |; duplicate n = |
Abstracts assessed
for relevance sought
L n=283 )
Excluded on abstract, assessed as not relevant n = 28
¥ Titles found from bibliographies assessed as relevant n = 3

| Full papers sought
n=>58

Full papers not retrieved: duplicate n = |

\ 4

‘ Full papers retrieved and

assessed for relevance

n=57
Papers rejected (Appendix 4):
not concerned with diagnosis n = 4; no usable datan = 16
v no cost data n = 23; no MR imaging data n = |; duplicate n = |
| Papers included in review
n=12

Figure 12 Flow chart detailing the process of identification and selection of relevant papers: cost-effectiveness.
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Potentially relevant
articles identified
n = 3330 titles
Duplicates deleted n = 875
v
Potentially relevant articles
n = 2455 titles
Excluded on title, assessed as not relevant n = 2139
v
Potentially relevant articles
n =316 titles
Titles from clinical effectiveness theme identified as relevant
v to natural history n = 89
Potentially relevant articles
n = 405 titles
J
Excluded on title by team experts n = 196
v
Abstracts sought
n=209
J
Titles identified from reference list as relevantn =7
A 4
Abstracts sought
n=216
J
Abstracts not retrieved:
foreign language (Japanese, Danish) n = 3
v unable to locate n =2
Abstracts assessed
for relevance
n=211
Excluded on abstract, assessed as not relevant n = 58
Abstracts from the Fourth International Conference proceedings
on VS and other CPA lesions identified as relevantn =8
Clinical abstracts asseseed as relevant to Natural history n = 27
v
Full papers sought
n=188
Full papers not retrieved n = 17
v (German, Italian, Danish, Spanish, Czech, Japanese and Polish)
Full papers retrieved and
assessed for relevance
n=17I
Papers excluded at data extraction stage (Appendix 4): n = 70
no relevant data n = 16; audio/vestibular test data only n=15
papers pre-1990 n = 4; data pre-1990n =6
review paper, no original data n = 5; surgical data only n = 3
data repeated elsewhere n = 3; surgical/management pathway data only n =2
histology only n = 2; quality of life only n = |; data incomplete n = |
mainly histopathological data n = I; no detection of AN n = |
v
Papers included in review
n=10lI
Total number of studies
n=89

Figure 13 Flow chart detailing the process of identification and selection of relevant papers: natural history. AN, acoustic neuroma;
CPA, cerebellopontine angle; VS, vestibular schwannoma.
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Potentially relevant
articles identified
n = 350 titles

[ Excluded on title, assessed as not relevant n = 288

v

| Potentially relevant articles ]

n = 62 titles

v
‘ Abstracts sought and

assessed for relevance
n=262

—————— Excluded on abstract, assessed as not relevant n = 3|
v Additional abstracts identified during assessment n = 3

| Full papers sought ]

n=34

Full papers not retrieved: unavailable on-line

v and personal request to author not productive n = 6
Full papers retrieved
n=28
J
Papers added from review of references of included papers n = 4
h 4
Full papers retained and
assessed for relevance
n=32 y
Papers rejected (Appendix 4):
nodatan=2;nonewdatan=2
no relevant data n = 14; no comparator to MR imaging n = 2
v

Papers adding data to the review n = 6
Papers updating data in the review n = |
Papers adding to discussionn =5

Figure 14 Flow chart detailing the process of identification and selection of relevant papers in the additional search covering October
2006—August 2008 in all three areas of the review.
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Appendix 3

Quality assessment of included studies

For those studies for which there was one paper plus comments or letters we extracted data from the paper
only and we have therefore only assessed the quality of the paper.

125

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 3

ipaurejdxa Apnis ) Woj SEMBIPYIM 39N +]10

(payiodau synsau 1593 ajeipawiaiul/a|qelaadaazuiun N €10

¢oonoead ul pasn si 359) ) USYM 3|qe|IeAB 9q P|NOM SE Pa3.d.a)ul 949M SINSa 1S9) USUM S|qE|IBAR BIBP [BDIUI[D SWES 3Y) 9JpA 71O
{3593 Xapul 3Y3 JO SINSI Y3 JO 93PIJMOUd| INOYIIM Pa3aJd.aaiul SINSSI PJEPUEIS SDUBIDJD dYI BISAA | [ D

{PJepuels aduaJaje. 3Y) JO SINSaJ dY) Jo 23pa|Moud| INoYIM paraadiaiul s)nsad 1593 Xapul Yl 349pA 01O

juoneoijdau sy1 3iwuad 03 [1B3SP JUBIDIYNS Ul PAQLIDSIP PJBPUBIS SDUSIJ2. DY) JO UOIINDAXD AU SEAA 60O

{3591 93 jo uonedijdas ywad o3 |1BIDp JUSBIDIYNS Ul PAGLIDSIP 1$S9] XSPUI B3I JO UOIINDAXD 3Y) SBAA 8D

{P-epuels aduaJaja. 3y) Jo 14ed WO} Jou pIp 3593 Xapul Y] "'l ‘393 Xapul 3y} Jo Juspuadapul paepuels adUdIDJAI Y SBAN /O
{3NsaJ 159) Xapul aY) JO sso|pJeSa. paepue)s 9dUI9)a. Swes ay) dAIRdad susnned piq 9O

{PJepuels aduaJaja. B SUISn UOIIEDNLIDA dAI9DJ S|dwes ay) Jo uoid3as wopued e Jo djdwes sjoym ay3 pig SO

{51591 OM] a3 USaMIDQ 93UBYD 10U PIP UONIPUOD Ja3J.] YY) JBY) D4NS A|qeuosead 3q 01 Y3nous 1I0ys 1S9) Xapul PUB PJBpPUB]S 9DUSI9Ja] Usamlaq polad swnayys| O
{uonipuod 323.e) a3 AJisse[d A[30.410D 03 A|9)|I| pJepuelS dURIRRI dYI S| €O

{P9qLIDSap AlJe3|d BIISILID UOIIBISS 3UpN 7O

¢oonoead Ul 3593 Y3 dAIP3 ||IM oym sjuaned sy jo aAieIuasaadal sjuaijed jo wnuidads ayy sepn 1O

suonsan®

"2400s |oed 0} sasuodsad sak Jo Jaquunu [e30] q

"Apn1s Yo Joj $9102s S9K, Jo Jaquunu [el0] B

Sl ql 9 C C 0 8 91 Cl Sl I id Tl ol oS[eloL

S saA ss\  Jespun  Jespun Jespun oN oN sap oN saA Jespun  Jespun sap ON €661 Yap[oE[ pue plussjas
8 saA ss\  Je9pun oN Jespun oN oN sap saA saA Jeapun sap sap sap 29€00T “'[D 19 Jauunjs
6 saA saA sspA  Jespun Jespun oN oN sap saA saA Jeapun sap sap sap 21661 [P 19 viddez
6 sap ss\  Je9pun oN Jespun oN sap sap sap saA Jeapun sap sap sap asC66 | D 19 UOS|IAA
/ saA ssp  Je9pun oN sap oN sap sap Jespun saA Jeapun oN sap oN 950661 ‘SSIOAA
8 sap sap sspA  Je9pun Jespun oN oN sap sap saA Jeapun sap oN sap 0e100T '[P 19 IpIWIYDS
8 saA ss\  Jespun  Jespun Jespun oN sap sap sap saA Jeapun sap oN sap 19€00T “'[p 19 edny
6 sap sap ssp  Je9pun Jespun oN oN sap sap saA Jeapun sap sap sap ss000T “'[P 19 ®138UIqOY
9 saA sap oN Jeapun Jespun oN sap sap oN saA Jeapun sap oN oN 991007 ‘soSueJel
/ sap ssp  Jespun  Jespun Jespun oN oN sap oN saA Jeapun sap sap sap ;51661 ‘QUIAT
/ saA ssp  Jespun  Jespun Jespun oN sap sap sap saA Jeapun sap ON Jespun 450002 “'IP 19 Iwsluedeep
6 sap ss\  Je9pun sap oN oN oN sap sap saA sap sap sap oN 0955661 ‘UopJon
8 sap ss\  Je9pun  Jespun Jespun oN sap sap sap sap Jeapun sap sap oN 98661 '[P 19 AopoD
6 saA sap ssp  Jespun Jespun oN sap sap sap oN Jeapun sap sap sap «2000T '[P 19 uB|Ysey-|3
11 sap sap sap sap sap oN oN sap sap saA Jespun sap sap sap 00T ‘®AaND
8 oN oN ssp  Jespun Jespun oN sap sap sap sap Jeapun sap sap SOA 195661 [P 19 JeypjesepueyD)
24035 1O €10 10 110 010 60 80 (O 90 SO 0 €0 0 10 Apms

asu0dsaJ WajsuIpiq A1021pnp :sa1pns ssauaAzdalfe [poiulpd Jo Aupnd 9z 319V.L

126



:No. 18

Vol. I3

’

ipaurejdxs Apnis ay) Wo.y SEMEBIPYIIM DISAA
ipo1iodau s3jnsau 1593 a3eIpawW.IalUl/e|qeIRIdIRIuIUN SUSAA
{o10e.d Ul pasn s| 1591 8yl USYM S|qe|leAB 94 P|NOM St pa3a.d.aaiul 949M S NS 1591 USYM S|qE|IBAR BIBP [BDIUI|D SWIES 3] SUSAA

127

Health Technology Assessment 2009

DOI: 10.3310/htal 3180

{3591 Xopul 8y3 JO S3|NsaJ a3 Jo 93ps|MOoU| INOYIM pala.ad.olul S)NSS. pJepuels 9dUSI9)e. Sl 349 | D

{PJEpUB)S 9DUBIS)S. DY) JO SINSJ Y3 JO S3PSIMOUD] INOYIIM Ppa3a.d.siul SINSaU 1591 XSPpUl Y3 349N 010

{uonedydau s31 ywiad 03 |1eISp JUSIDIYNS Ul POGLIDSOP PJBPUEIS 9DURUSS. 9l JO UOIINDXD 3yl SBAA - 60

{1591 a3 jo uonedijdau ywiad o3 |leISp JUSIIYNS Ul PGLIDSSP 1S9] XSPUI B3 JO UOIINJSXS 3Yl SBAA 80

{P-epuels aouaJaje. 9y3 Jo ued W.Ioj Jou pIp 1591 XSpul B3 "9'I ‘393 Xapul 9Y3 Jo Juspuadapul paepuels SdusIjRl B SBAA LD
{3|NsaJ 1591 Xapul 8Y3 JO sso|pJeSaJ pJepuB)s 90USJ9)a. Swes ay) 9A1edad syusned pig 90

{P-epue)s @duaJaje. B 3uisn UOIIBDILIDA 9AI9da. 9|dwes ay3 Jo uodsjes wopuel e Jo ajdwes sjoym ayr pid SO

51591 OM] BY) U9aMIaq 93Uy J0U PIp UONIPUOD 193J.) Y3 JBY) 94ns A|qeuosea. 9q 01 YSnous 1I0ys 159) Xapul PUB PJepUE)S 9DU.I9J] U9amIaq poliad swn sy s 4O
{uonipuod 193.e1 a3 Ajissed A[309..102 03 A|9)|| PJepuels 9duatefRd 9yl s| €O

{P9qLIDSOp AlJES|D BIISILID UOIDSIEs M 7O

(oonoeud Ul 3593 aY3 SRR |IM oym sausited ay3 Jo sAneIussaudad susined Jo wnuidads aya sepn |1

suonsand

"9402s ydes 03 sasuodsal s94, Jo Jaquinu [e10] q

"Apn1s Yoes 10} $2400s SS9, Jo Jaquunu [e10] E

6 0l S 4 L 0l 0l 0l 0l 0l 9 0l 14 L qS[eloL

4l soA soA soA oN soA soA soA SoA soA soA  Jespun soA soA I\ ,,0007 “[p 12 A3|[eaZ7
1 soA soA oN oN soA soA soA SoA soA soA  Jespun soA soA SN 59661 “[D 19 AoxpPnIg
0l Jespun soA soA  Jespun  Jespun soA soA SoA soA soA SoA soA oN SoA 46661 “[D 19 91NOS
68666 |

6 SOA SOA Jespun Jes|pun Jespun SOA SOA SOA SOA SOA SOA SOA ON Jespun ..\U 19 V_UOLQ_NE—\_UM
8e100T

11 SoA SO\ Jespun ON SO\ SeA SSA SO\ SoA SSA Jespun SoA SoA SoA .WEN____>>|\A0_WQCC<
€l SoA SO\ ON SSA SO\ SoA SSA SoA SoA SSA SoA SoA SoA SoA owwoo | .N;NCNMNZ
11 SoA SO\ SoA SSA SO\ SoA SSA SoA SoA SSA Jespun SoA ON Jespun wWQOG_ ..\U 19 XJe|,]
ssl66|

4l soA soA oN soA SoA soA soA SoA soA soA SoA soA oN SoA “ID 18 sUBWISH
1 soA SoA soA  Jespun  Jespun SoA soA SoA SoA soA SoA SoA oN SoA 156661 '[P 19 PIPH
VN Jespun  Jespun  Jespun  Jespun  Jespun  JeSpun  JeSpun  JESPUM  JB9)PUN  JESPUM  Je9ppun  JeSpun  Jespun  Jespun) 01007 ‘WS uag
4l soA SoA SoA soA SoA SoA soA SoA SoA soA SoA SoA ON Jedpun 9661 “[D 19 US|y
29400 10 €10 Z10 110 010 60 80 LO 90 ({e] 14°) o] 0 10 Apms

SuiSpwir Yy :saipms ssauaaizdaffa potulpd Jo Aupnd £z 319V.L

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 3

(uone|ndod [eoo| ay3 03 pajjdde aq synsas ay ued 01D
ipauasaud aduapiAs ay3 Aq panIsn| UOIIBN[BAS SU3 JO SUOISN|PUOD 3Y) 3JBAA 6O
¢uoisap uiseyound e wiojul 03 paJinbau aJe Jey3 sanss| 9Y3 Jo YySnoua apnjdul S3NSaJ 3Y3 Jo UoIssnIsIp pue uoneuasatd ayy piq 80
ipawioyuad sisAjeue AJAnIsuas ajenbape ue sepn /O
{pawLIoiad saAITeUISIJE JO SISO puE S3OUANDISUOD BU) JO SISA[eUE [BIUSWIAIDUI UB SBAA 9O
{(Bununoosip) pa.4und20 Aay3 YdIyMm Je sawil JuaIayylp Joj palsnipe saouanbasuod swooIno Yyiesy pue asn ad4nosad aJopN 5O

¢unqipaud panfea

pue uonenfeas aJoyaq suun aelidoadde ul Ajs1eanooe paansesw ‘paliIuspl SAIBUISIE UoBS 40} S95USNDISUOD SWODIN0 Yi[esy pue 9sn 924N0saJ JUeAS|aJ pue juelodwi e auopn  $O
{(poo3 ueyy wuey aiow op swwei3oid ay) pjnom "a°1) dAIDRYS 9q pjnom awweasoud ay3 Jey) aduapias apiroad uaded ayy seoq £
{UaAI3 saAireulR) e Sunnedwod ay) jo uondlosap aAisusyaidwod e sepn 7O
ipasod uonsenb pauyap-jom e sepy | D

<t O BN T MM NN ¥ O T X

£9100g

SaA
°N
ON
SaA
°N
SaA
°N
°N
°N
SaA
°N
°N

010

ON
°N
ON
SaA
°N
SaA
°N
°N
SaA
SaA
SaA
SaA

60

SaA
°N
°N
SaA
°N
SaA
°N
°N
°N
°N
°N
SaA
80

°N
ON
°N
ON
°N
°N
°N
°N
°N
°N
SaA
°N
LO

sap
sap
sap
sap
sap
sap
°N
sap
sap
sap
sap
saA

90

°N
°N
°N
°N
ON
°N
°N
°N
°N
°N
°N
°N
SO

°N
°N
ON
SaA
°N
°N
°N
°N
°N
°N
°N
°N
0

S9A
S9A
S9A
°N
S9A
SaA
°N
°N
S9A
°N
S9A
°N
€0

0l
oN
sap
sap
sap
sap
sap
sap
sap
ON
sap
sap
sap

[{e]

wco_umw_._o

"9402s |des 0] sasuodsau $94) Jo Jaquinu [e10] q
"Apn1s Yoea 10} S2400s S3A, Jo Jaquunu [e10] E

ol
SOA
SOA
SOA
oN
SOA
SoA
S9A
S9A
SaA
SaA
S9A
oN
10

oS0l

16661 ‘UBL

26661 '[P 19 XJB|\
69661 D 13 U3y
16000 [P 39 sppiueq
15€00T I 39 edny
1166 | ‘ESeLy pue JaLeD
1€00T “'[p 12 BuayD
1v966 1 ‘SIIBM PUE 1Ry
G661 [P 19 pa9eg
€661 '[P 19 UOSqOY
000 '[P 19 3118UIqOY
y110661 [P 19 Bul|[OAA
Apmis

saipns 1503 Jo Anpnd) 8z F19VL

128



No. 18

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3180

n ¥ N T Mm N ¥F ¥ ¥ F F 1D 1N n T MmN m 1n T 0

£9400¢

129

(‘paiussaud aq 3snw s[eAIaIul SDUSPLUOD ddUSJeAdId pue aduspIdUl Jo) ‘pajuasald 9q Isnw a3uel pue UeIpaW BIBP YIMOI3 J04) josidaud synsad ayy ady 9O
(‘Aluo BuiBew Y|4 Aq spew aq 03 pey sisoudel(]) ;Selq asiwiuiw 03 poylaw e Suisn spew sisouselp sep SO
(-o1qe3dadoe aq 03 pajinudaL A|9AIIND3SUOD 3q 03 peY 110YoD)) jAem 3|qeidadde ue Ul painIdal 1IoYOod 3yl SBAA O

(‘3usdNS SEM Q7 Z U) (PAMNIDDI $303[gNSs JusPINS BUAN €O
{uonsanb Jayy Jomsue 03 poyiaw ajeridoadde ue asn suioyane ayy piIg 7O

{onss| pasndoj Ajes|d & sseuppe Apmisaya piq | O
suonsand
"9402s ydes 03 sesuodsa. so4, Jo Jequinu [e30] P

'66—086 | ‘SBLWIOJN3U D[ISNOE 889 JO MIIASI 3seD ‘DA0qe sk Jaded aweg >

"€007-566| ‘swoidwAs Jejngnsaroipne ou yum siuaiyed oy SuiSeuw Yl Wo.y pasouSelp BUIOINSU DIISNODE [BIUSPIDUI JO MIIADI dseqelep ‘Mo|aq se Jaded sweg q

S\
°N
S\
°N
°N
ON
ON
ON
ON
ON
S\
ON
S\
ON
°N
°N
°N
ON
°N
°N
S\
90

€l
saA
°N
°N
saA
saA
saA
saA
saA
saA
sap
oN
saA
oN
OoN
saA
saA
oN
sap
sap
OoN
OoN
SO

Cl

SaA

SaA

SaA

ON

SaA
Jespun
Jespun
saA

saA

saA
Jespun
Jespun
Jespun
saA
Jespun
saA

°N

°N

sap

sap

sap

v0

1T
SaA
SaA
SaA
SaA
SaA
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
sap
saA
sap
sap
sap
sap

€0

6l
saA
saA
saA
°N
saA

Jespun
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
saA
sap

[£e)

1T
sap
saA
sap
saA
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap

10

"Apn3s Yoea Joj S90S S9A, Jo Jaquunu [e30] B

pS[EI0L

¢1700T [P 19 3RO
z1¥00T '[P 19 SO
>»G00T “[P 33 ur]
¥§00T [P 39 U]

%9661 “[P 19 peddays
5666 | “Aunoiseg pue sameQq

1£66 | ‘€SelIy pue JaLue)
16000T “IP 13 s|dlueq
1900 [P 19 19119

#1866 VB pue pjesadziiy
521€66| ‘PUBlISYING puE YdI|yo.
91€661 [P 19 1L

1§66 1 D 19 s1opuneg
16661 “[D 19 USQIN

e»1000T [P 29 UosISpUY
+:000T “'[D 12 same(

0»1C00T '[P 19 Bpa9S
91¥00T [P 19 13nso))

151700T '[P 39 UBMY)|

»£1G00T [P 19 sueAg

£1900¢ “[p 39 ddouy

Apmig

90U3|DA3Id aouBpIdUl S3IpNIs Aoisiy [piniou Jo Aupnd) 6z 31GVL

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 3

T 9O N 1N T N F 1H 1O N N F O 1N YV N F F VO T O F VO T

£9402g

SoA
SaA
SaA
SoA
SaA
SaA
SaA
SaA
SaA
SaA
saA
saA
SaA
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap

90

°N
SaA
SaA
°N
saA
°N
saA
°N
°N
°N
SaA
SaA
SaA
°N
SaA
saA
°N
°N
°N
SaA
°N
saA
°N
saA
°N
sO

saA
Jespun
saA
Jespun
saA
saA
saA
saA
Jespun
saA
saA
Jespun
saA
Jespun
Jespun
Jespun
SaA
saA
Jespun
°N
°N
°N
saA
saA
°N
17

soA
soA
soA
soA
soA
N
soA
N
soA
soA
soA
soA
saA
saA
soA
soA
saA
saA
saA
soA
saA
saA
saA
saA
saA

€0

SaA
SaA
SaA
SaA
SaA
SaA
SaA
SaA
SaA
SaA
SaA
Sap
Sap
SaA
Sap
Sap
Sap
Sap
Sap
Sap
Sap
sap
sap
Sap
sap

[£e]

soA
°N
SoA
SaA
SaA
SaA
Sap
SaA
Sap
SaA
SaA
SaA
saA
SaA
saA
sap
sap
sap
sap
sap
sap
sap
sap
sap
sap

10

1518661 “ID 39 501

19661 ‘MILU0ST

21€661 D 19 1BlOL

15661 “ID 32 20y

019661 '[P 19 luBIRLISg
011661 D 19 Ue|sy

9516661 [P 19 120n4

119661 “[P 19 Y3[eS

s.1¥661 [P 19 JBljol
41000T “[D 19 ZJe1zp3el
651000T '[P 29 Ipnyds|.
450002 “*[P 19 Iwsluedeep
891900T '[P 18 J3gnyisuaiqg
1510661 ‘TBS

9011661 “[D 19 BMESQ
11661 [P 19 MBSO
€661 49P{dE[ pue yiussjes
«s£661 [P 19 >]dlUs3|eg
521661 ‘PUBMBYINS PUE YdI|yO.14
4915661 '|D 39 USMNI3T UBA
0166 ‘NWUES PUEB S9IYIIR|]
118661 D 19 3iasn

291500T '[P 19 Suopuep
1915007 I 19 193eANES
0911007 ‘OPIAAY pue ejeiua)y|
Apms

swoldwis :saipnis Aioasiy (pinou Jo Aupnd o€ 319V.L

130



No. 18

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3180

131

(‘peruasaud aq Isnw s[eAIsIUl 9OUBPUOD ddUBeASId pue 2duUapIdUl o) (pajuasa.d aq 3snw a3ued pue Uelpaw e1ep YImo.3 Jod) jasaud synsad ayr aay 9O

6¢

9-9 SeA

S SeA

9 SeA

9 SeA
£9402§ 920

(Ajluo BuiBew Y|4 Aq apew aq 03 pey sisoudel(]) ;Selq dsiWiuiw 0) poylaw e 3uisn apew sisoudelp sepA SO
(s|qeadedoe aq 01 paninJdaJ A|9AINDSSUOD 9q O3 pey 140YoD)) jAem a|qeidadde ue ul palinJdad 1oyod 3yl SeApA 4O
(-3uamdyns sem (7 2 U) ;pa3INIdaI $193[gNs Juadns BISAA €O

{uonsanb Jiay) samsue 03 poylaw arelidoadde ue asn suoyane sy piIgq 7O

{nss| pasndoy Aluesd & ssaJdppe Apnisaya pig 1O

suonsand

'9402s |dea 0) sasuodsau Sa4; jo Jaquinu [e30] q

"Apn1s Yoea 1o} s2J400s K, Jo Jaquunu [e10] ©

yI-€l Al LT 6t 8¢ oS[e3oL
1ed u) SSA saA S9A SaA 031900T “'Ip 18 Ao|n3eg
Jespun SoA soA SoA SoA 181200T “'IP 29 9pEly
SaA SOA soA SoA soA «1800C “'Ip 19 AeQ

SaA SoA soA SoA soA 21800 '[P 19 1Y

SO v0 €0 [4e] 10 Apms

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 3

/ sap sap sap oN saA sap sap sap 02§66 [P 19 IBIAA
S sap sap oN oN aunsun sap sap sap 0129661 P 29 us_g
8 sap sap sap saA saA sap sap sap 612661 D 19 OAST
S oN oN sap saA sap oN sap sap 1128661 [P 19 OloWERWEL
S oN sap oN saA sap oN sap sap 0126661 P 29 JAZoOWLIN
/ sap sap sap saA Jespun sap sap sap 16661 D 19 oudnpoly
8 sap sap sap saA sap sap sap sap 516661 '[P 29 19on4
8 sap sap sap saA sap sap sap sap «:1000T “'IP 29 1pNYyds|.
8 sap sap sap saA sap sap sap sap 120007 '[P 13 UIys
8 sap sap sap sap sap sap sap sap 412000 “'IP 29 A)19Y.0
/ sap sap sap sap Jespun sap saA sap 12000T '[P 219 ddIssel|
8 sap sap sap sap sap sap sap sap 212100 '[P 19 ojowedes
L S9A SIA S9A °N SoA SoA SoA SIA 11z100T ‘aqeg pue NN
/ sap sap oN sap saA sap sap sap 0121002 “*IP 29 peIsioH
9 sap sap oN sap Jespun sap sap sap 161100 “*Ip 19 suaoddng
A oN sap sap sap sap sap saA saA «02000T '[P 29 BYINSJOA
4 °N SSA °N S9A °N °N BN SeA 50z00T '[P 39 JAZoWBIN
A oN sap sap sap soA sap saA saA 1026007 “°[P 19 uIppnAyol
S oN sap sap sap Jespun oN saA sap 90z£00 *'[D 19 Uasewoy | -akeD)
/ oN sap sap sap soA SoA SoA SIA «0zG00T '[P 13 Jd|pemisH
¥ oN SoA oN oN Jespun SaA SoA SN oozl 66| ‘UOUUBYS PUE LIOSSBA[BA
9 SaA saA saA oN Jeapun SoA SoA SoA 4oz1661 D 19 UosIapag
/ saA SaA saA oN SoA SaA SoA SoA corb661 D 19 ddluse.ng
/ SaA saA SaA saA Jeapun SoA SoA SoA w0zl 661 '[P 13 20dsse|D
9 saA SaA oN saA soA oN SoA SoA 102£00T '[P 19 eZZRIY
9 SaA SaA oN oN soA SoA SaA SoA 185007 P 22 3u1l4
8 SaA SaA SaA saA soA SaA SaA SoA 515007 [ 19 1]2Ael) 310Z0g
9 sap saA saA oN saA oN saA SN gab66] ‘USSIOpad pue uasuadiof
91008 80 LO 90 SO 140) €0 0 10 Apmg

yamou3 :saipms Aio1siy [pinapu Jo Aupnd) | € 319V.L

132



No. 18

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3180

1N O VOV N VO N N 1D OV O N O O N O M NN O NN

+9100g

(14
saA
saA
sap
saA
°N
saA
saA
saA
saA
saA
saA
saA
saA
saA
soA
soA
soA
saA
saA
soA

80

Ly
saA
saA
ON
saA
saA
O°N
saA
saA
saA
O°N
saA
saA
saA
saA
saA
saA
saA
saA
°N
saA
LO

€€
SN
°N
°N
°N
°N
Sap
Sap
Sap
°N
SaA
SaA
°N
°N
°N
°N
°N
SaA
Sap
SaA
°N
90

133

("syauows §7 3sE9| 3B U0} dn pamoj|o} aq 03 pey s3d3[qng) ;ysnous 3uo| s3dalqns jo dn-mojjo} ays sepA 80
(*dn pamoj|o} oq 3snw 110YoDd [eNIUI JO 9508 ISEI] IY) ¢YSnous 919]dwod s193lgns jo dn-mojjo) ayy sepp 2D
(‘pe3ussaud aq IsnW s[eAIa3Ul SDUSPYUOD 3dUS[ARId puR dUSPIdUL 40} ‘pa3UasaId 9q Isnw SSuUe. pue uelpawW BIep YIMo.S uo4) jasidaud synsad syl aly 9O

(‘Aluo BuiBew Y| Aq spew aq 03 pey sisoudel(]) ;Selq asiwiuiw 03 poylaw e Suisn apew sisousdelp sepp 5O
(a|qe3adadoe aq 03 pa3inIda. A|9ABND3SUOD 9q O3 pey 340yo7)) jAem a|qeidadse ue ul pa3InJdaJ 1oyod 3yl Sep\  $0O
(‘3uadIYNS seM (7 Z U) (PRIINIDBI SI03[QNS JUBPDIYNS BIBAA €O
;uonsanb J1ay3 somsue 03 poyiaw a3elidoadde ue asn suoyine sy pigq 7O
{9Nss| pasndoy Ajues|d & ssauppe Apmis a3 piq | O

8C
Sap
Sap
Sap
Sap
Jespun
°N
°N
°N
°N
Sap
Sap
Sap
ON
Sap
ON
°N
SaA
°N
°N
°N
SO

8¢
Jespun
soA

soA

sop
Jespun
soA

soA
Jespun
soA

soA

soA
Jespun
Jespun
soA
Jespun
soA
Jespun
Jespun
soA

°N

0

[44
sop
soA
soA
soA
soA
soA
soA
sop
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA

€0

Ly
sap
soA
sap
sap

Jespun
soA
soA
sop
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA
soA

[£e]

suonsand

'940Ds o€ 0} sasuodsad a4, jo Jaquunu [e30] q
"Apn3s Yoea 40} S2400s SAA, JO Jaquunu [e3o0] ©

8y
saA
saA
saA
saA
soA
saA
saA
saA
soA
soA
soA
soA
saA
saA
soA
soA
soA
soA
soA
saA

10

oS[eaoL

161800T “'ID 13 yoileH
5,1800T [P 18 73y
262800 ‘8ZZlued pue sa.Jejog
2612007 “'ID 19 BIURIEND)
461G00T '[P 12 BYNOwIg
1620007 ‘849quasoy
s2000T [P 19 ZAI
¢e2#00T [P 39 INBY
21900¢ “*Ip 19 dnusdueig
«2900T [P 19 ®ISe)yeg
azz£00T '[P 19 BIURIBND
122£00T '[P 18 124
0z£00T [P 29 udpswiey
s2z£00T '[P 19 SJ0ysIy|
4+2z£00T '[P 19 43| |0}
z€00C [P 39 UlYyS
229007 [P 19 ISOUeS |/
11661 “[D 19 MBSO
1z€66 1 '[P 19 B49quasoy
0617661 “[D 19 UnJel

Apmg

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Appendix 3

Mm O 1N I

21028

0
Jeapun
Jeapun
Jespun

ON
010

sap
sap
sap
sap

60

0
Jeapun
°N
Jesapun
ON

80

C
Jeapun
saA

saA

°N

LO

sap
sap
sap
ON
90

{MBIABJ SIU} Ul PaUlEILOd SDUPIAS 3Y) JO I nsau & se a3ueyd adndedd Jo Adijod pjnoys 010
{PaJapIsuod sawod3no jueioduwl B U 60D

;uone|ndod [edo| ayy 03 paljdde aq synsas ayy ued 8O

{s)nsaJ asay) aJe aspaud moH /D

INsaJ urew a3 sl Jeym pue pajuasaud synsad ay3 aue MoH 9O

{OS Op 03 9|qeuOSEa. J| SEM ‘PaUIqUIOD USDq DABRY SIIPNIS 3Y3 JO SYNsaIayl | SO
sa1pnis papn|pul ay3 jo Alljenb ay3 ssesse suamalrad a3 piq  $O

{S9IpNIS JUBARJR ||B AJauapl 01 AJ3 suamalAal 3yl pid €O

Apnis jo sadA3 3y3u ayy spnpul maIAsd 3y pIgd 7O

juonsanb pasndoy Aliea e djse MalAaI a3 pIg |

suonsand

*9402s |oea 0) sasuodsau Sa4; Jo Jaquinu [e30] q

"Apn1s Yoea 10} S2400s 9K, Jo Jaquunu [e10] ©

| 0 0 4 14 oS[eIoL
Jeapun oN oN sap SOA 2866 | ‘Uosuyo[ pue dlussjeg
oN oN oN sap sap «2£00T '[P 29 IwexeWEL

sap oN oN sap sap 515007 ‘Or10WIYsox
Jeapun oN oN sap sap +61500T '[P 19 BYNOWIS

({e} 0 €0 0 10 Apms

SM3IAB1 D1DWRIsAs :salpnys Aioasiy [pimou Jo Aupnd) ze 319V.L

134



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

Appendix 4

Excluded studies and reasons for exclusion

Studies excluded from the
clinical effectiveness theme

Bance ML, Hyde ML, Malizia K. Decision and cost
analysis in acoustic neuroma diagnosis. / Otolaryngol
1994;23:109. [No clinical data.]

Bauch CD, Olsen WO, Pool AF. ABR indices:
sensitivity, specificity, and tumor size. Am ] Audiol
1996;5:97. [No comparative MR imaging data.]

Brackmann DE. The role of auditory brain stem
response and magnetic resonance imaging in
acoustic neuroma diagnosis: a critical appraisal
— invited comments. Am J Otol 1997;18:682. [No
comparative MR imaging data.]

Burkey JM, Rizer FM, Schuring AG, Fucci M]J,
Lippy WH. Acoustic reflexes, auditory brainstem
response, and MRI in the evaluation of acoustic
neuromas. Laryngoscope 1996;106:839-41. [No
comparative MR imaging data.]

Carrier DA, Arriaga M. Cost-effective evaluation of
asymmetric sensorineural hearing loss with focused
magnetic resonance imaging. Otolaryngol Head Neck
Surg 1997;116:567. [No comparative MR imaging
data.]

Charabi S, Lassen NA, Thomsen J, Tos M, Rossen
K, Jacobsen GK. Thallium chloride 201TI combined
with single photon emission computed tomography
(SPECT) in the evaluation of vestibular schwannoma
growth. Acta Otolaryngol 1997;117:35. [No detection
of acoustic neuroma.]

Charabi S, Klinken L, Mantoni M, Tos M, Thomsen
J. Histology and neuro-imaging in cystic acoustic
neuromas. Acta Otolaryngol 1993;113:519. [No
comparative MR imaging data.]

Charabi S, Thomsen JC, Tos M, Charabi S,
Thomsen JC, Tos M. [False-positive diagnostic
findings in acoustic neurinomas]. [Danish]. Ugeskrift
for Laeger 1991;154:19. [No comparative MR
imaging data.]

Cross JJ, Baguley DM, Antoun NM, Moffat

DA, Prevost AT. Reproducibility of volume
measurements of vestibular schwannomas — a
preliminary study. Clin Otolaryngol 2006;31:123. [No
clinical data.]
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Curtin HD. Rule out eighth nerve tumor: contrast-
enhanced T1-weighted or high-resolution T2-
weighted MR? Am | Neuroradiol 1997;18:1834. [No
clinical data.]

Curtin HD, Hirsch WL, Jr. Imaging of acoustic
neuromas. Otolaryngol Clin N Am 1992;25:553. [No
clinical data.]

Czepko R, Libionka W, Urbanik A, Adamek D,
Uhl H, Kwinta B, ¢t al. Evaluation of the accuracy
with which radiologists define intracranial tumor
histology on CT and MRI. Pol ] Radiol 2006;71:13.
[Foreign language: Polish. No usable data in the
abstract.]

Dal PG, Mascalchi M, Fonda C, Olmastroni M,
Pandolfo C, Vannucchi P, et al. Gadolinium DTPA
in the NMR study of acoustic neurinoma. Riv
Neuroradiol 1992;5:161. [Foreign language: Italian.
No usable data in the abstract.]

D’Ambrosio F, Benfari G. [Magnetic resonance
with GD-DTPA in acoustic neuroma: personal
experience] [Italian]. Acta Otorhinolaryngol Ital
1993;13:21. [Foreign language: Italian. No usable
data in the abstract.]

Daniels RL, Shelton C, Harnsberger HR. Ultra high
resolution nonenhanced fast spin echo magnetic
resonance imaging: cost-effective screening

for acoustic neuroma in patients with sudden
sensorineural hearing loss. Otolaryngol Head Neck
Surg 1998;119:364. [No clinical data.]

Daniels RL, Swallow C, Shelton C, Davidson HC,
Krejci CS, Harnsberger HR. Causes of unilateral
sensorineural hearing loss screened by high-
resolution fast spin echo magnetic resonance
imaging: review of 1,070 consecutive cases. Am |
Otol 2000;21:173. [No comparator to MR imaging.]

Dawes PJ, Basiouny H. Outcome of using magnetic
resonance imaging as an initial screen to exclude
vestibular schwannoma in patients presenting with
unilateral tinnitus. / Laryngol Otol 1999;113:818.
[No comparator to MR imaging.]

Dawes PJ, Jeannon JP. Audit of regional screening
guidelines for vestibular schwannoma. J Laryngol
Otol 1998;112:860. [No comparator to MR
imaging.]
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Dawes P]D. Vestibular schwannoma screening:

closing the audit loop. J Laryngol Otol 2001;115:719.

[No comparator to MR imaging.]

Dawes PJD, Mehta D, Arullendran P. Screening
for vestibular schwannoma: magnetic resonance
imaging findings and management. | Laryngol Otol
2000;114:584. [No comparator to MR imaging.]

Desaulty A, Lansiaux V, Moreau L, Vandorpe
C, Desaulty A, Lansiaux V, ef al. [Retrocochlear
deafness, acoustic neurinoma and early evoked
auditory potentials — apropos of a series of 113
patients] [French]. Acta Otorhinolaryngol Belg
1992;46:77. [No usable clinical data.]

Diensthuber M, Lenarz T, Stover T. Determination
of the clinical growth index in unilateral vestibular
schwannoma. Skull Base 2006;16:31. [No
comparator to MR imaging.]

Dobie RA. Hearing threshold differences and risk
of acoustic tumor [comment]. Otolaryngol Head Neck
Surg 1992;107:493. [No usable clinical data.]

Doherty JK, Friedman RA. Controversies in
building a management algorithm for vestibular
schwannomas. Curr Opin Otolaryngol Head Neck Surg
2006;14:305. [No clinical data.]

Don M, Kwong B, Tanaka C, Brackmann D, Nelson
R. The stacked ABR: a sensitive and specific
screening tool for detecting small acoustic tumors.
Audiol Newrootol 2005;10:274. [Unproven new
technique.]

Don M. Auditory brainstem response testing in
acoustic neuroma diagnosis. Curr Opin Otolaryngol
Head Neck Surg 2002;10:376. [No comparator to
MR imaging.]

Don M, Masuda A, Nelson R, Brackmann D.
Successful detection of small acoustic tumors using
the stacked derived-band auditory brain stem
response amplitude. Am ] Otol 1997;18:608. [No
clinical data.]

Dornhoffer JL, Helms |, Hoehmann DH.

Presentation and diagnosis of small acoustic tumors.

Otolaryngol Head Neck Surg 1994;111:232. [No
comparative MR imaging data.]

Dort JC. Screening for cerebellopontine angle
tumours: conventional MRI vs T2 fast spin echo
MRI. Can ] Neurol Sci 2001;28:47-50. [Data
incomplete.]

Doyle K]J. Is there still a role for auditory brainstem
response audiometry in the diagnosis of acoustic
neuroma? Arch Otolaryngol Head Neck Surg
1999;125:232. [No clinical data.]

El-Gammal T. MR techniques for the internal
auditory canal [comment]. Am ]| Neuroradiol
1997;18:1393. [No acoustic neuromas.]

Esteve-Fraysse M]J, Vincent M, Rugui MG, Bounaix
M], Fraysse B. [Value of auditory evoked potentials
and electrocochleography in the diagnosis of

small acoustic neuromas. Our experience on 131
cases] [French]. Ann Otolaryngol Chir Cervicofac
1993;110:203. [No comparative MR imaging data.]

Fiirgaard B, Pedersen CB, Lundorf E. [Size of
acoustic neurinomas assessed by CT and magnetic
resonance scanning] [Danish]. Ugeskrift for Laeger
1995;157:6855. [Foreign language: Danish. No
usable data in the abstract.]

Fisher EW, Parikh AA, Harcourt JP, Wright A.

The burden of screening for acoustic neuroma:
asymmetric otological symptoms in the ENT clinic.
Clin Otolaryngol Allied Sci 1994;19:19. [No clinical
data.]

Fitzgerald DC, Mark AS. Sudden hearing loss:
frequency of abnormal findings on contrast-
enhanced MR studies. Am | Neuroradiol
1998;19:1433. [No comparator to MR imaging.]

Gilain L, Bouccara D, Jacquier I, Achouche ],
Casteran JM, Freyss G, et al. Diagnostic strategy
of acoustic neuroma. Evaluation of efficacy of
auditory evoked potentials. Apropos of a series of
50 neuroma cases] [French]. Ann Otolaryngol Chir
Cervicofac 1991;108:257. [No clinical data.]

Gosepath K, Maurer J, Mann W. Detection of
intracellular acoustic neuromas by auditory evoked
brainstem audiometry and other otoneurologic
testmethods. Laryngo-Rhino-Otologie 1995;74:728.
[Foreign language: German. No usable data in the
abstract.]

Grabel JC, Zappulla RA, Ryder J, Wang W], Malis
LI. Brain-stem auditory evoked responses in 56
patients with acoustic neurinoma. / Neurosurg
1991;74:749. [Unclear how many acoustic neuromas
were confirmed by MR imaging or CT.]

Gstoettner W, Neuwirth-Riedl K, Swoboda H,
Mostbeck W, Burian M. Specificity of auditory
brainstem response audiometry criteria in acoustic
neuroma screening as a function of deviations of
reference values in patients with cochlear hearing
loss. Eur Arch Otorhinolaryngol 1992;249:253. [No
comparative MR imaging data.]

Hampton SM, Adler ], Atlas MD. Evaluating

the role of magnetic resonance imaging scans in

the surgical management of acoustic neuromas.
Laryngoscope 2000;110:1194. [No comparator to MR
imaging.]
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Harner SG. Contemporary algorithm for acoustic
neuroma: assessment and management. Curr Opin
Otolaryngol Head Neck Surg 2001;9:290. [No clinical
data.]

Hayashi M, Kubo O, Sato H, Taira T, Tajika Y,
Izawa M, et al. Correlation between MR image
characteristics and histological features of acoustic
schwannoma. Noshwyo Byori 1996;13:139. [No
comparator to MR imaging.]

Herwadker A, Vokurka EA, Evans DGR, Ramsden
RT, Jackson A. Size and growth rate of sporadic
vestibular schwannoma: predictive value of
information available at presentation. Otol Newrotol
2005;26:86. [No comparator to MR imaging.]

Hohmann D, Dornhoffer JL. Clinical presentation
and diagnosis of small acoustic neuromas.
Laryngorhinootologie 1994;73:320. [Foreign
language: German. No usable data in the abstract.]

Hoth S. [Changes in early auditory evoked
potentials in acoustic neuroma] [German]. HNO
1991;39:343. [No comparative MR imaging data.]

Itasaka Y, Ishikawa K, Wong WH, Shibata Y.
Application of vestibular evoked myogenic potential
test in patients with acoustic neuroma. Equilib Res
2004;63:353. [No comparative MR imaging data.]

Jackler RK. Cost-effective screening for acoustic
neuroma with unenhanced MR: a clinician’s
perspective [comment]. Am | Neuroradiol
1996;17:1226. [No clinical data.]

Jeng CM, Huang JS, Lee WY, Wang YC, Kung CH,
Lau MK. Magnetic resonance imaging of acoustic
schwannomas. | Formosan Med Assoc 1995;94:487.
[No comparator to MR imaging.]

Johansson R, Magnusson M, Fransson PA, Karlberg
M. Discrimination of patients with acoustic
neuroma and peripheral vestibular lesions with
human posture dynamics. Acta Otolaryngol Suppl
1995;520:27. [No acoustic neuromas.]

Kanzaki J, Ogawa K, Ogawa S, Yamamoto M,
Ikeda S, Uchi T. Audiological findings in acoustic
neuroma. Acta Ololaryngol Suppl 1991:487:125-32.
[No comparative MR imaging data.]

Katsura M, Oosato Y, Dotsu M, Yoshida H,
Kumagami H, Takahashi H. Usefulness of
magnetic resonance imaging (MRI) for patients
with unilateral tinnitus. Practica Otologica Kyoto
2004;97:481. [No comparator to MR imaging.]

Kent DL, Haynor DR, Longstreth WT, Jr, Larson
EB. The clinical efficacy of magnetic resonance
imaging in neuroimaging. Ann Intern Med
1994;120:856. [No acoustic neuromas. ]
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Kosugi EM, Tangerina RP, Dib GC, Ramos HVL,
Penido NO. Vestibular schwannoma presenting
as sudden hearing loss. Rev Bras Otorrinolaringol
2004;70:795-9. [No comparator to MR imaging.]

Kovacsovics B, Davidsson L, Harder H, Magnuson
B, Ledin T. MRI screening of the cerebellopontine
angle and inner ear with fast spin-echo T2
technique. Arch Ital Biol 2000;138:87. [Foreign
language: Italian. No usable data in the abstract.]

Kubo T, Sakashita T, Kusuki M, Kyunai K, Ueno

K, Hikawa C, et al. Evaluation of radiological
examination for sensorineural hearing loss. Acta
Otolaryngol Suppl 2000;542:34-8. [No comparator to
MR imaging.]

Kwan TL, Tang KW, Pak KK, Cheung JY, Cheung

JYL. Screening for vestibular schwannoma by

magnetic resonance imaging: analysis of 1821
patients. Hong Kong Med | 2004;10:38. [No
comparator to MR imaging.]

Lajtman Z, Bartolek D, Manestar D, Krpan D,
Kovacic J, Vincelj J. Auditory brain stem responses
in patients with pontocerebellar angle tumors and
severe sensorineural hearing loss. Neurol Croatica
2002;51:3. [No comparative MR imaging data.]

Lalwani AK. Preoperative differentiation between
meningioma of the cerebellopontine angle and
acoustic neuroma using MRI. Otolaryngol Head
Neck Surg 1993;109:88-95. [No comparator to MR
imaging.]

Lenarz T. The role of auditory brain stem response
and magnetic resonance imaging in acoustic
neuroma diagnosis: a critical appraisal — invited
comments. Am ] Otol 1997;18:683. [No comparator
to MR imaging.]

Levine SC, Muckle RP, Anderson JH. Evaluation
of patients with acoustic neuroma with dynamic
posturography. Otolaryngol Head Neck Surg
1993;109:392. [No usable clinical data.]

Lhuillier FM, Doyon DL, Halimi PM, Sigal
RC, Sterkers JM. Magnetic resonance imaging
of acoustic neuromas: pitfalls and differential
diagnosis. Neuroradiology 1992;34:144. [No
comparator to MR imaging.]

Lightfoot GR. ABR screening for acoustic
neuromata: the role of rate-induced latency shift
measurements. Br | Audiol 1992;26:217. [No
comparative MR imaging data.]

Litt AW, Mirsky P, Berson BD, Kricheff II. Screening
protocol for MR imaging of the internal auditory
canal. J Comput Assist Tomogr 1991;15:930. [Data too
old.]
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Long SA, Arriaga M, Nelson RA. Acoustic neuroma
volume: MRI-based calculations and clinical
implications. Laryngoscope 1993;103:1093. [No
comparator to MR imaging.]

Lustig LR, Rifkin S, Jackler RK, Pitts LH. Acoustic
neuromas presenting with normal or symmetrical
hearing: factors associated with diagnosis and
outcome. Am ] Otol 1998;19:212. [No comparative
MR imaging data.]

Magdziarz DD, Wiet R], Dinces EA, Adamiec

LC. Normal audiologic presentations in patients
with acoustic neuroma: an evaluation using strict
audiologic parameters. Otolaryngol Head Neck Surg
2000;122:157. [No comparator to MR imaging.]

Mangham C. Hearing threshold difference between
ears and risk of acoustic tumor. Otolaryngol Head
Neck Surg 1991;105:814-7. [No usable clinical data.]

Mangham CA. Expert opinion on the diagnosis
of acoustic tumors. Otolaryngol Head Neck Surg
1997;117:622. [No clinical data.]

Martinez R]J. Contribution of MR with gadolinium

to the assessment of acoustic neurinoma. Radiologia
(Madrid) 1991;33. [Foreign language: Spanish. No

usable data in the abstract.]

Massick DD, Welling DB, Dodson EE, Scholfield
M, Nagaraja HN, Schmalbrock P, et al. Tumor
growth and audiometric change in vestibular
schwannomas managed conservatively. Laryngoscope
2000;110:1843. [No comparator to MR imaging.]

Matsumoto K, Niitsu M, Yoshioka H, Tanaka

Y, Anno I, Kuramoto K, et al. MRI of acoustic
neurinoma. Jap | Clin Radiol 1994;39:451. [Foreign
language: Japanese. No usable data in the abstract.]

Matthies C, Samii M. Management of 1000
vestibular schwannomas (acoustic neuromas):
clinical presentation. Neurosurgery 1997;40:1-9. [No
comparator to MR imaging.]

Maurer |, Beck A, Mann Mintert WR. Changes
of amplitude of otoacoustic emissions under
contralateral noise in normal hearing persons
and in patients with unilateral acoustic neuroma.
Laryngorhinootologie 1992;71:69. [No comparative
MR imaging data.]

Mausolf A, Laubert A. [Neuro-otologic criteria in
the diagnosis of tumor-induced hearing disorders.
Studies of 300 patients with acoustic neuroma]
[German]. HNO 1990;38:50. [No comparative MR
imaging data.]

Mirza S. Incidental findings on magnetic resonance
imaging screening for cerebellopontine angle

tumours. J Laryngol Otol 2000;114:750—4. [No
usable clinical data.]

Monsell EM, Cody DD, Spickler E, Windham JP.
Segmentation of acoustic neuromas with magnetic
resonance imaging and Eigen image filtering. Am |
Otol 1997;18:602. [No usable clinical data.]

Moretz WH, Jr, Orchik DJ, Shea JJ, Jr, Emmett
JR. Low-frequency harmonic acceleration in the
evaluation of patients with intracanalicular and
cerebellopontine angle tumors. Otolaryngol Head
Neck Surg 1986;95:324. [No comparative MR
imaging data.]

Mulkens TH, Parizel PM, De Schepper AM, van de
Heyning PH, Forton GE, Martin JJ, et al. MRI of
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tumours. Rofo 1993;158:362. [Foreign language:
German. No usable data in the abstract.]

Murofushi T, Matsuzaki M, Mizuno M. Vestibular
evoked myogenic potentials in patients with
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1998;124:509. [No comparative MR imaging data.]

Murphy MR, Selesnick SH. Cost-effective
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Otolaryngol Head Neck Surg 2002;127:253. [No
clinical data.]
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imaging data.]

Naganawa S, Itoh T, Fukatsu H, Ishigaki T,
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2003;45:626. [No usable clinical data.]
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usable clinical data.]
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R, Morata GC, Darrouzet V. Videonystagmography
and vibratory test in the diagnosis bilan of vestibular
schwannoma. Report of 100 cases. Rev Laryngol Otol



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

Rhinol 2003;124:91. [No comparative MR imaging
data.]

Nguyen HD, Simonson TM, Fisher D], Mayr NA,
Tali ET, Gao F, ¢t al. MR evaluation of acoustic
schwannoma with fractional contrast doses. | Comput
Assist Tomogr 1995;19:23. [No usable clinical data.]

Nishizawa S, Yokoyama T, Uemura K. Magnetic
resonance cisternography using the fast spin
echo method for the evaluation of vestibular
schwannoma. Neurol Med Chir 1999;39:282. [No
comparator to MR imaging.]

Obholzer RJ, Harcourt JP. Magnetic resonance
imaging screening for vestibular schwannoma:
analysis of published protocols. J Laryngol Otol
2004;118:329. [No usable clinical data.]

O’Connell ME. The combined role of ABR,
vestibular function and blink reflex tests in the
detection of VIII nerve and brainstem lesions. Aust J
Otolaryngol 1992;1:23. [No usable clinical data.]

Odabasi AO, Telischi FF, Gomez-Marin O, Stagner
B, Martin G. Effect of acoustic tumor extension into
the internal auditory canal on distortion-product
otoacoustic emissions. Ann Otol Rhinol Laryngol
2002;111:912. [No comparative MR imaging data.]

Ocken J. Detection of cochlear function in patients
with acoustic neuromas by means of distortion-
product otoacoustic emissions. HNO 1996;44:677.
[No comparative MR imaging data.]

Okubo T, Yoshioka N, Hayashi N, Abe O, Masumoto
T, Sasaki T, et al. Contrast-enhanced magnetic
resonance imaging of the cranial nerves in patients
with acoustic schwannoma: correlation with surgical
findings. Acta Otolaryngol Suppl 2000;542:13-17.
[No usable clinical data.]

O’Leary DP, Davis LL, Maceri DR. Vestibular
autorotation test asymmetry analysis of acoustic
neuromas. Otolaryngol Head Neck Surg 1991;104:103.
[No comparative MR imaging data.]

Park CH, Kim SM, Zhang J, McEwan JR, Intenzo
C. Tc-99m MIBI brain SPECT of an acoustic
schwannoma. Clin Nucl Med 1994;19:152. [No
usable clinical data.]

Patko T, Vidal PP, Vibert NH, Huy PT, de-Waele

C. Vestibular evoked myogenic potentials in
patients suffering from a unilateral acoustic
neuroma: a study of 170 patients. Clin Neurophysiol
2003;114:1344-50. [No usable clinical data.]

Plaza G, Lopez L], Aparicio JM, Herraiz C, Mate
MA, Toledano A, et al. [Magnetic resonance: first
choice test in the screening of internal auditory
canal and cerebellopontine angle tumors] [Spanish].

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Acta Otorrinolaringol Esp 2001;52:651. [No
comparator to MR imaging.]

Portier F, Herman P, Lot G, Tran Ba Huy P.
[Contribution and cost-effectiveness of ABR and
MRI in acoustic neuroma screening. Retrospective
study of 151 cases] [French]. Ann Otolaryngol Chir
Cervicofac 2002;119:67. [No useable clinical data.]

Prosser S, Arslan E, Turrini M, Rosignoli M.
Cochlear and neural dysfunction in acoustic
neuroma: can they be separately revealed by
auditory brain-stem wave V latency? Scand Audiol
1992;21:195. [No comparative MR imaging data.]

Quaranta A, Zini C, Gandolfi A, Piazza F, De
Thomasis G, Frisina A, et al. [Acoustic neuroma:
clinical-functional finding, results and surgical
complication] [Italian]. Acta Otorhinolaryngol Ital
2001;21:1. [No comparative MR imaging data.]

Rostkowska-Nadolska B, Sterkers JM, Pospiech

L. [Auditory evoked potentials from brain stem
determined in acoustic nerve neurinomas] [Polish].
Neurol Newrochir Pol 1999;33:43. [Foreign language:
Polish. No usable data in the abstract.]

Saeed S, Woolford T, Ramsden R, Lye R.

Magnetic resonance imaging: a cost-effective first
line investigation in the detection of vestibular
schwannomas. Br | Newrosurg 1995;9:497-503. [No
usable clinical data.]

Sakamoto H, Nakai Y, Matsuda M, Ohashi Y,
Tsuyuguchi N, Kawabe ], et al. Positron emission
tomographic imaging of acoustic neuromas. Acta
Otolaryngol Suppl 2000;542:18. [No detection of
acoustic neuroma. ]

Saleh EA, Aristegui M, Naguib MB, Cokesser Y,
Landolfi M, Sanna M. Normal hearing in acoustic
neuroma patients: a critical evaluation. Am_J Otol
1996;17:127. [Unclear how many acoustic neuromas
were confirmed by MR imaging or CT.]

Saunders JE, Luxford WM, Devgan KK, Fetterman
BL. Sudden hearing loss in acoustic neuroma
patients. Otolaryngol Head Neck Surg 1995;113:23—
31. [No usable clinical data.]

Scherler M, Bohmer A. The value of clinical
examination methods in diagnosis of acoustic
neuroma. HNO 1995;43:487-91. [Duplicate.]

Schick B, Brors D, Koch O, Schafers M, Kahle
G. Magnetic resonance imaging in patients with
sudden hearing loss, tinnitus and vertigo. Otol
Neurotol 2001;22:808. [No usable clinical data.]

Schlauch RS, Levine S, Li Y, Haines S. Evaluating
hearing threshold differences between ears as a
screen for acoustic neuroma. J Speech Hear Res

139



140

Appendix 4

1995;38:1168-75. [No comparative MR imaging
data.]

Selesnick SH, Rebol J, Heier LA, Wise ]B,

Gutin PH, Lavyne MH. Internal auditory canal
involvement of acoustic neuromas: surgical
correlates to magnetic resonance imaging findings.
Otol Neurotol 2001;22:912. [Not about detection of
acoustic neuroma.

Shelton C. Fast spin echo magnetic resonance
imaging: clinical application in screening for
acoustic neuroma. Otolaryngol Head Neck Surg
1996;114:71. [Duplicate.]

Slattery WH, III, Fisher LM, Yoon G, Sorensen
G, Lev M. Magnetic resonance imaging scanner
reliability for measuring changes in vestibular
schwannoma size. Otol Neurotol 2003;24:666. [No
acoustic neuromas. |

Smilauer T, Kluh J, Zverina E, Betka J. Contribution
of BERA to the diagnosis of neurinomas of the
acoustic nerve. Oforinolaryngol Foniatr 2001;50:99.
[No comparative MR imaging data.]

Smith IM, Turnbull LW, Sellar R], Murray JA, Best

JJ- A modified screening protocol for the diagnosis

of acoustic neuromas. Clin Otolaryngol Allied Sci
1990;15:167. [No comparative MR imaging data.]

Soda T. Auditory brainstem responses and the
diagnosis of acoustic and cerebellopontine angle
tumors. Otologia Fukuoka 2002;30. [No comparative
MR imaging data.]

Soto SC, Garcia JJ, Farina Conde JL, Tedin Garcia
SL. [New protocol for the early diagnosis of acoustic
schwannoma in the outpatient clinic] [Spanish]. Acta
Otorrinolaringol Esp 1995;46:353. [Foreign language:
Spanish. No usable data in the abstract.]

Swan IR, Swan IRC, Gatehouse S. Costs of
investigative protocols for cerebellopontine angle
lesions in Scotland. Health Bull 1991;49:329. [No
comparative MR imaging data.]

Swan IRC, Gatehouse S. Clinical and financial

audit of diagnostic protocols for lesions of the
cerebellopontine angle. Br Med ] 1991;302:701. [No
comparative MR imaging data.]

Takeichi N, Sakamoto T, Fukuda S, Inuyama Y.
Vestibular evoked myogenic potential (VEMP) in
patients with acoustic neuromas. Auris Nasus Larynx
2001;28:S39. [No comparative MR imaging data.]

Tan TY. Non-contrast high resolution fast spin
echo magnetic resonance imaging of acoustic
schwannoma. Singapore Med | 1999;40:27. [Not all
patients had gold standard.]

Tanaka H. Usefulness of auditory brainstem
responses at high stimulus rates in the diagnosis of
acoustic neuroma. ORL (Basel) 1996;58:224-8. [No
comparative MR imaging data.]

Telischi FF, Lo WW, Arriaga MA, De la Cruz

A. Lateral extent of internal auditory canal
involvement by acoustic neuromas: a surgical-
radiologic correlation. Am | Otol 1993;14:446. [No
comparator to MR imaging.]

Tsuchiya K, Aoki C, Hachiya J. Evaluation of MR
cisternography of the cerebellopontine angle using
a balanced fast-field-echo sequence: preliminary
findings. Eur Radiol 2004;14:239. [No gold
standard.]

Urben SL, Benninger MS, Gibbens ND. Asymmetric
sensorineural hearing loss in a community-

based population. Otolaryngol Head Neck Surg
1999;120:809. [No comparator to MR imaging.]

Verret DJ, Adelson RT, Defatta R]. Asymmetric
sensorineural hearing loss evaluation with T2
FSE-MRI in a public hospital. Acta Otolaryngol
2006;126:705. [No acoustic neuromas. |

Veysel PA, Akan H, Yazici B, Ozturk A, Belet U,
Koyuncu M. The accuracy of computed tomography
in internal acoustic canal tumors. Ondokuz Mayis
Unuversitesi Tip Dergisi 2001;18:265. [Foreign
language: Turkish. No usable data in the abstract.]

Wareing M], Baguley D, Moffat DA. Investigations
for vestibular schwannoma. CME Bull
Otorhinolaryngol Head Neck Surg 2002;6:12. [No
clinical data.]

Weber PC. Appropriateness of magnetic resonance
imaging in sudden sensorineural hearing loss.
Otolaryngol Head Neck Surg 1997;116:153-6. [No
comparative MR imaging data.]

Wilson DF. A critical appraisal of the role of
auditory brain stem response and magnetic
resonance imaging in acoustic neuroma diagnosis.
Am ] Otol 1997;18:673-85. [No clinical data.]

Wu X, Wu H, Li Z, Lu C. [The study of MRI
examination of acoustic neuromas] [Chinese].
Lin Chuang Erh Pi Yen Hou Ko T3a Chih ] Clin
Otorhinolaryngol 2002;16:340. [Foreign language:
Chinese. No usable data in the abstract.]

Zymon-Zagorska A, Kwiek S, Baron J, Gibinska

J, Bazowski P, Pieta M, et al. Efficacy of CT in
diagnostics of cerebellopontine angle region. Pol |
Radiol 2004;69:76. [No comparative MR imaging
data.]



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

Studies excluded from
the costs theme

Annesley-Williams DJ. Magnetic resonance imaging
in the investigation of sensorineural hearing loss: is
contrast enhancement still necessary? J Laryngol Otol
2001;115:14-21. [Does not contain cost data.]

Arriaga M, Gorum M, Kennedy A. Clinical pathways
in acoustic tumor management. Laryngoscope
1997;107:602-6. [Does not relate to diagnosis.]

Avruch L. The real cost of MRI in Canada
[comment]. CMAJ 1993;149:1772-3. [Does not
contain any useable data.]

Brackmann D. Current status of ABR audiometry in
acoustic neuroma diagnosis. Arch Otolaryngol Head
Neck Surg 1999;125:235. [Does not contain any
useable data.]

Brackmann DE. The role of auditory brain stem
response and magnetic resonance imaging in
acoustic neuroma diagnosis: a critical appraisal —
invited comments. Am | Otol 1997;18:682. [Does not
contain any useable data.]

Byrne E. MRI as a single screening-procedure for
acoustic neuroma. / R Soc Med 1994;87:307. [Does
not contain any useable data.]

Chandrasekhar SS, Brackmann DE, Devgan KK.
Auditory brainstem response audiometry and
acoustic neuromas — reply. Am | Otol 1997;18:128.
[Does not contain any useable data.]

Cueva RA. Auditory brainstem response versus
magnetic resonance imaging for the evaluation of
asymmetric sensorineural hearing loss. Laryngoscope
2004;114:1686. [Does not contain cost data.]

Dawes P]D, Jeannon JP. Audit of regional screening
guidelines for vestibular schwannoma. J Laryngol
Otol 1998;112:860—4. [Does not contain cost data.]

Dawes P]JD, Mehta D, Arullendran P. Screening
for vestibular schwannoma: magnetic resonance
imaging findings and management. J Laryngol Otol
2000;114:584-8. [Does not contain cost data.]

Dawes PJD. Vestibular schwannoma screening:
closing the audit loop. J Laryngol Otol
2001;115:719-22. [Does not contain cost data.]

Dobie RA. The role of auditory brain stem response
and magnetic resonance imaging in acoustic
neuroma diagnosis: a critical appraisal — invited
comments. Am | Otol 1997;18:684-5. [Does not
contain cost data.]

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Don M, Kwong B, Tanaka C, Brackmann D, Nelson
R. The stacked ABR: a sensitive and specific
screening tool for detecting small acoustic tumors.
Audiol Neurootol 2005;10:274. [Does not contain cost
data.]

Don M. The detection of small acoustic tumors: the
stacked derived-band ABR procedure — reply. Am |
Otol 2000;21:149-51. [Does not contain any useable
data.]

Donnelly MJ, Cass A, Ryan L. False positive
diagnosis of small intracanalicular vestibular
schwannomas. J Laryngol Otol 1994;108:986-8.
[Does not contain cost data.]

Doyle K. Is there still a role for auditory brainstem
response audiometry in the diagnosis of acoustic
neuroma. Arch Otolaryngol Head Neck Surg
1999;125:232—4. [Does not contain any useable
data.]

El-Kashlan H, Eisenmann D, Kileny P. Auditory
brain stem response in small acoustic neuromas. Ear
Hear 2000;21:257-62. [Does not contain cost data.]

Erdem A. False-positive findings on magnetic
resonance imaging mimicking vestibular
schwannoma: case illustration. / Neurosurg
2000;92:733. [Does not contain cost data.]

Fitzgerald DC, Mark AS, Fitzgerald DC, Mark

AS. Cost-effective screening for acoustic

neuroma [comment]. Otolaryngol Head Neck Surg
1999;121:846. [Does not contain any useable data.]

Gillespie JE. MRI screening for acoustic neuroma
[comment]. Br ] Radiol 2000;73:1129. [Does not
contain any useable data.]

Godey B, Morandi X, Beust L, Brassier G,
Bourdiniere J. Sensitivity of auditory brainstem
response in acoustic neuroma screening. Acta
Otolaryngol 1998;118:501. [Does not contain cost
data.]

Hermans R, Van der Goten G, De Foer B, Baert

A. MRI screening for acoustic neuroma without
gadolinium: value of 3DFT-CISS sequence.
Newroradiology 1997;39:593. [Does not contain cost
data.]

Jackler RK. Cost-effective screening for acoustic
neuroma with unenhanced MR: a clinician’s
perspective. Am ] Newroradiol 1996;17:1226-8. [Does
not contain any useable data.]

Kevanishvili Z. The detection of small acoustic
tumors: the stacked derived-band ABR procedure.
Am ] Otol 2000;21:148-9. [Does not contain any
useable data.]

141



142

Appendix 4

Konrad HR. There is a role for ABR audiometry in
the diagnosis of acoustic neuroma. Arch Otolaryngol
Head Neck Surg 1999;125:234-5. [Does not contain
any useable data.]

Lenarz T. The role of auditory brain stem response
and magnetic resonance imaging in acoustic
neuroma diagnosis: a critical appraisal — invited
comments. Am | Otol 1997;18:683—4. [Does not
contain any useable data.]

Maeta M, Saito R, Nameki H. False-positive
magnetic resonance image in the diagnosis of small
acoustic neuroma. | Laryngol Otol 2001;115:842—4.
[Does not contain cost data.]

Mangham CA, Mangham CA. Acoustic neuroma:
cost-effective approach [comment]. Otolaryngol Head
Neck Surg 1992;106:315-16. [Does not contain any
useable data.]

Mangham CA. Expert opinion on the diagnosis
of acoustic tumors. Otolaryngol Head Neck Surg
1997;117:622-7. [Does not contain any useable
data.]

Moffat DA. Early diagnosis and surgical
management of acoustic neuroma: is it cost
effective? J R Soc Med 1989;2:329-32. [Does not
contain cost data.]

Moffat D, Hardy D, Baguley D. Strategy and
benefits of acoustic neuroma searching. J Laryngol
Otol 1989;103:51-9. [Does not contain cost data.]

Murphy MR, Selesnick SH. Cost-effective
diagnosis of acoustic neuromas: a philosophical,
macroeconomic, and technological decision.
Otolaryngol Head Neck Surg 2002;127:253-9. [Does
not contain any useable data.]

Nishizawa S. Magnetic resonance cisternography
using the fast spin echo method for the evaluation
of vestibular schwannoma. Newrol Med Chir
1999;39:282-6. [Does not contain cost data.]

O’Donoghue GM. The role of auditory brain stem
response and magnetic resonance imaging in
acoustic neuroma diagnosis: a critical appraisal —
invited comments. Am | Otol 1997;18:682-3. [Does
not contain cost data.]

Parker S, Davis K. Limitations of computed
tomography in the investigation of acoustic
neuromas. Ann Otol Rhinol Laryngol 1977;86:436—
40. [Does not include MR imaging data.]

Raber E, Dort J, Sevick R, Winkelaar R. Asymmetric
hearing loss: toward a cost-effective diagnosis. J
Otolaryngol 1997;26:88-91. [Does not contain cost
data.]

Schmidt RJ, Sataloff RT, Newman J, Spiegel JR,
Myers DL. The sensitivity of auditory brainstem
response testing for the diagnosis of acoustic
neuromas. Arch Otolaryngol Head Neck Surg
2001;127:19-22. [Does not contain cost data.]

Schwartz MS, Slattery WH, Oppenheimer M, Fisher
LM, Schwartz MS, Slattery WH, et al. CSNS Young
Neurosurgeon Award: acoustic neuroma surgical
cost and outcome by hospital volume. Clin Neurosurg
2005;52:359-65. [Does not relate to diagnosis.]

Shelton C. Fast spin echo magnetic resonance
imaging: clinical application in screening for
acoustic neuroma. Otolaryngol Head Neck Surg
1996;114:71. [Duplicate.]

Slattery WH, Schwartz MS, Fisher LM,
Oppenheimer M, Slattery W, Schwartz M, et al.
Acoustic neuroma surgical cost and outcome by
hospital volume in California. Otolaryngol Head
Neck Surg 2004;130:726-35. [Does not relate to
diagnosis.]

Telian SA. Management of the small acoustic
neuroma: a decision analysis. Am ] Otol
1994;15:358-64. [Does not relate to diagnosis.]

Wilson D, Talbot J, Mills L. A critical appraisal

of the role of auditory brainstem response and
magnetic resonance imaging in acoustic neuroma
diagnosis. Am | Otol 1997;18:673-81. [Does not
contain cost data.]

Zappia JJ, Oconnor CA, Wiet R], Dinces EA.
Rethinking the use of auditory brainstem response
in acoustic neuroma screening. Laryngoscope
1997;107:1388. [Does not contain cost data.]

Zealley IA, Cooper RC, Clifford KM, Campbell
RS, Potterton AJ, Zammit-Maempel I, et al. MRI
screening for acoustic neuroma: a comparison
of fast spin echo and contrast enhanced imaging
in 1233 patients [see comment]. Br | Radiol
2000;73:242-7. [Does not contain cost data.]

Zealley 1A, Cooper RC, Clifford KM, Campbell

RS, Potterton AJ, Zammit-Maempel I, et al. MRI
screening for acoustic neuroma — author’s reply. Br |
Radiol 2000;73:1129. [Does not contain cost data.]

Studies excluded from the
natural history theme

Anand VT, Kerr AG, Byrnes DP, Smyth GDL. Non-
surgical management of acoustic neuromas. Clin
Otolaryngol 1992;17:406-10. [No relevant data.]

Arriaga MA, Gorum M, Kennedy A. Clinical
pathways in acoustic tumor management.
Laryngoscope 1997;107:602-6. [Management
pathway data only.]



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

Arriaga MA, Major MC, Long S, Nelson R. Clinical
correlates of acoustic neuroma volume. Am J Otol
1993;14:465-8. [Surgical data only.]

Baguley DM. Tinnitus and vestibular schwannoma.
Semin Hearing 2001;22:77-87. [Review paper, no
original data.]

Belal A, Rahman NA, Hashem N. Acoustic tumors
in developing countries. Am J Otol 1984;5:360—4.
[Paper pre-1990.]

Benech F, Perez R, Maria Fontanella M, Morra B,
Albera R, Ducati A. Cystic versus solid vestibular
schwannomas: a series of 80 grade III-IV patients.
Newrosurg Rev 2005;28:209-13. [No relevant data.]

Berrettini S, Ravecca F, Russo F, Bruschini P, Sellari-
Franceschini S. Some uncharacteristic clinical signs
and symptoms of acoustic neuroma. J Otolaryngol
1997;26:97-103. [Audio/vestibular test data only.]

Caldera SRM, Pearson CR. Risk management of
asymmetrical hearing impairment in an armed
forces population. J Laryngol Otol 2000;114:345-9.
[No relevant data.]

Chaimoff M, Nageris BI, Sulkes J, Spitzer T,
Kalmanowitz M. Sudden hearing loss as a
presenting symptom of acoustic neuroma. Am |
Otolaryngol 1999;20:157-60. [No relevant data.]

Chandler CL, Ramsden RT. Acoustic schwannoma.
Br ] Hosp Med 1993;49:335-43. [Review paper, no
original data.]

Charabi S, Engel P, Charabi B, Jacobsen GK,
Overgaard J, Thomsen J, et al. Growth of
vestibular schwannomas: in situ model employing
the monoclonal antibody Ki-67 and DNA flow
cytometry. Am ]| Otol 1996;17:301-6. [Histology
only.]

Charabi S, Thomsen J, Tos M, Charabi B, Mantoni
M, Borgesen SE. Acoustic neuroma/vestibular
schwannoma growth: past, present and future.
Acta Otolaryngol 1998;118:327-32. [Data repeated
elsewhere.]

Clark WC, Moretz WH, Acker JD, Gardner LG,
Eggers F, Robertson JH. Nonsurgical management
of small and intracanalicular acoustic tumors.
Neurosurgery 1985;16:801-3. [Paper pre-1990.]

Duvoisin B, Fernandes J, Doyon D, Denys A,
Sterkers J-M, Bobin S. Magnetic resonance findings
in 92 acoustic neuromas. Eur J Radiol 1991;13:96—
102. [Data pre-1990.]

Eldridge R, Parry DM. Summary of the vestibular
schwannoma consensus development conference,
National Institutes of Health, Bethesda, Maryland,

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

December 11-13, 1991. Otolaryngol Clin N Am
1992;25:729-35. [Review paper, no original data.]

Ferber-Viart C, Colleaux B, Laoust L, Dubreuil

C, Duclaux R. Is the presence of transient evoked
otoacoustic emissions in ears with acoustic neuroma
significant? Laryngoscope 1998;108:605-9. [Audio/
vestibular test data only.]

Fisher EW, Parikh AA, Harcourt JP, Wright A.

The burden of screening for acoustic neuroma:
asymmetric otological symptoms in the ENT clinic.
Clin Otolaryngol 1994;19:19-21. [No relevant data.]

Forton GEJ, Cremers CWR], Offeciers FE. Acoustic
neuroma ingrowth in the cochlear nerve: does it
influence the clinical presentation? Ann Otol Rhinol
Laryngol 2004;113:582-6. [No relevant data.]

Gardner G, Moretz WH, Robertson JH, Clark C,
Shea JJ. Nonsurgical management of small and
intracanalicular acoustic tumors. Otolaryngol Head
Neck Surg 1986;94:328-33. [Paper pre-1990.]

Gomez-Brouchet A. Vestibular schwannomas:
correlations between magnetic resonance imaging
and histopathologic appearance. Otol Neurotol
2001;22:79-86. [Mainly histopathological.]

Greene S, David F, McCarthy B, Kupelian

V, Surawicz T. What is the risk of vestibular
schwannoma in the US population? Am | Epidemiol
2000;151:S30. [Data repeated elsewhere.]

Hahn A, Fundova P, Schneider D. Audiovestibular
findings prior to and after acoustic neuroma
surgery. Int Tinnitus | 2000;6:67-9. [Audio/vestibular
test data only.]

Harcourt JP, Vijaya-Sekaran S, Loney E, Lennox

P. The incidence of symptoms consistent with
cerebellopontine angle lesions in a general ENT
out-patient clinic. / Laryngol Otol 1999;113:518-22.
[No relevant data.]

Hashimoto S, Furukawa K, Sasaki T. The natural
history of vestibular schwannomas. Proceedings of
the Fourth International Conference on Vestibular
Schwannoma and other CPA Lesions. Cambridge,
UK, 13-17 July 2003. p. 136. [No relevant data.]

Kale SU, Morgan DW, Cruickshank G. Wait and
rescan policy for patients with acoustic neuroma.
Proceedings of the Fourth International Conference
on Vestibular Schwannoma and other CPA Lesions.
Cambridge, UK, 13-17 July 2003. pp. 237-8. [No
relevant data.]

Kanzaki J. Present state of early neurotological
diagnosis of acoustic neuroma. Otorhinolaryngology
1986;48:193-8. [Paper pre-1990.]

143



144

Appendix 4

Kanzaki J, Ogawa K, Ogawa S, Yamamoto M, Ikeda
S, O-Uchi T. Audiological findings in acoustic
neuroma. Acta Otolaryngol Suppl 1991;487:125-32.
[Audio/vestibular test data only.]

Karjalainen S, Nuutinen J, Neittaanmaki H,
Naukkarinen A, Asikainen R. The incidence

of acoustic neuroma in autopsy material. Arch
Otorhinolaryngol 1984;240:91-3. [Paper pre-1990.]

Laasonen EM, Troupp H. Volume growth rate of

acoustic neurinomas. Newroradiology 1986;28:203-7.

[Paper pre-1990.]

Lanser MJ, Sussman SA, Frazer K. Epidemiology,
pathogenesis, and genetics of acoustic tumors.
Otolaryngol Clin N Am 1992;25:499-520. [Review
paper, no original data.]

MacAndie C, Crowther JA. Quality of life in
patients with vestibular schwannomas managed
conservatively. Clin Otolaryngol 2004;29:215-18.
[Quality of life only.]

Matthies C, Samii M, Krebs S. Management of
vestibular schwannomas (acoustic neuromas):
radiological features in 202 cases — their value
for diagnosis and their predictive importance.
Neurosurgery 1997;40:469-82. [No relevant data.]

McLeod B, Upfold L. The incidence of surgery
for acoustic neuroma in Australia, 1993/1994 to
2003/2004. Aust | Otolaryngol 2005;8:5-8. [Surgical
data only.]

Meyer TA, Canty PA, Wilkinson EP, Hansen MR,
Rubinstein JT, Gantz BJ. Small acoustic neuromas:
surgical outcomes versus observation or radiation.
Otol Neurotol 2006;27:380-92. [No relevant data.]

Mirza S, Malik TH, Ahmed A, Willatt D], Hughes
DG. Incidental findings on magnetic resonance
imaging screening for cerebellopontine angle
tumours. | Laryngol Otol 2000;114:750-4. [Not
detection of acoustic neuroma.]

Nageris BI, Popovtzer A. Acoustic neuroma in
patients with completely resolved sudden hearing
loss. Ann Otol Rhinol Laryngol 2003;112:395-7.
[Audio/vestibular test data only.]

Neary W], Newton VE, Laoide-Kemp SN, Ramsden
RT, Hillier VF, Kan SW. A clinical, genetic and
audiological study of patients and families with
unilateral vestibular schwannomas. II. Audiological
findings in 93 patients with unilateral vestibular
schwannomas. J Laryngol Otol 1996;110:1120-8.
[Audio/vestibular test data only.]

Nedzelski JM, Canter RJ, Kassel EE, Rowed DW,
Tator CH. Is no treatment good treatment in the

management of acoustic neuromas in the elderly?
Laryngoscope 1986;96:825-9. [Paper pre-1990.]

Nedzelski JM, Schessel DA, Pfleiderer A, Kassel EE,
Rowed DW. Conservative management of acoustic
neuromas. Otolaryngol Clin N Am 1992;25:691-705.
[No relevant data (mainly old data).]

Nestor JJ, Korol HW, Nutik SL, Smith R. The
incidence of acoustic neuromas. Arch Otolaryngol
Head Neck Surg 1988;114:680. [Paper pre-1990.]

Noguchi Y, Komatsuzaki A, Nishida H. Cochlear
microphonic potentials in patients with vestibular
schwannomas. Otorhinolaryngology 1998;60:283-90.
[Audio/vestibular test data only.]

Noguchi Y, Komatsuzaki A, Nishida H.
Electrocochleographic study in patients with
vestibular schwannomas and U-shaped audiograms.
Audiology 2000;39:19-23. [Audio/vestibular test data
only.]

Norman M, Thornton ARD, Phillips AJ, Slaven
A. Otoacoustic emissions recorded at high rates in
patients with confirmed acoustic neuromas. Am |
Otol 1996;17:763-72. [Audio/vestibular test data
only.]

O’Connell ME. The combined role of ABR,
vestibular function and blink reflex tests in the
detection of VIIT nerve and brainstem lesions. Aust |
Otolaryngol 1992;1:23-9. [Audio/vestibular test data
only.]

Okada Y, Takahashi M, Saito A, Kanzaki J.
Electronystagmographic findings in 147 patients
with acoustic neuroma. Acta Otolaryngol Suppl
1991;487:150-6. [Old data only (£1990).]

O'Reilly BE, Kishore A, Crowther JA, Smith C.
Correlation of growth factor receptor expression
with clinical growth in vestibular schwannomas. Otol
Neurotol 2004;25:791-6. [Histology only.]

O-Uchi T, Kanzaki J, Ogata A, Inoue T, Mashino
H, Yoshihara S, et al. Pathophysiology of hearing
impairment in acoustic neuroma with profound
deafness: analysis by evoked otoacoustic emission
and promontory stimulation test. Acta Otolaryngol
Suppl 1994;514:95-100. [Audio/vestibular test data
only.]

Piazza F, Frisina A, Gandolfi A, Quaranta N, Zini C.
Management of acoustic neuromas in the elderly:
retrospective study. Ear Nose Throat | 2003;82:374—
8. [Surgical management.]

Ramamurthi B. The continuing challenge of
acoustic neurinomas (1949-1993). Br | Neurosurg
1995;9:361-6. [No relevant data.]



DOI: 10.3310/htal 3180

Health Technology Assessment 2009; Vol. 13: No. 18

Sarazin L, Jolivet O, Doyon D. Computerized
evaluation of tumor volume with MRI. Applications
to the surveillance of acoustic neurinoma. J Radiol
1993;74:455-60. [No relevant data.]

Schneider J. Tumors of the central nervous system
in biopsy and autopsy material. 7th communication:
neurinomas and neurofibromatoses with central
nervous system involvement. Zentrallblatt fuer
Allgemeine Pathologie und Pathologische Anatomie
1983;127:5-6. [Paper pre-1990.]

Selesnick SH, Deora M, Droitman MB, Heier
LA. Incidental discovery of acoustic neuromas.
Otolaryngol Head Neck Surg 1999;120:815-18. [No
relevant data.]

Silverstein H, McDaniel A, Norrell H, Wazen J.
Conservative management of acoustic neuroma in
the elderly patient. Laryngoscope 1985;95:766—70.
[Paper pre-1990.]

Simpson RHW, Sparrow OC, Duffield MS.
Cerebellopontine angle tumours in black South
Africans — how rare are acoustic schwannomas? S Afr
Med ] 1990;78:11-14. [Old data only (£1990).]

Sterkers J-M, Desgeorges M, Sterkers O, Grob
R. Acoustic neuromas in the elderly patient. Rev
Laryngol Otol Rhinol 1989;110:55—7. [Paper pre-
1990.]

Stipkovits EM, Graamans K, Van Dijk JE. Vestibular
schwannoma: negative growth and audiovestibular
features. Eur Arch Otorhinolaryngol 2001;258:467-71.
[No relevant data.]

Stipkovits EM, van Dijk JE, Graamans K.
Electronystagmographic changes in patients with
unilateral vestibular schwannomas in relation to
tumor progression and central compensation. Eur
Areh Otorhinolaryngol 1999;256:173—-6. [Audio/
vestibular test data only.]

Thomason JE-M, Smyth V, Murdoch BE. Acoustic
neuroma and non-tumour retrocochlear patients:

audiological features. Scand Audiol 1993;22:19-23.
[Audio/vestibular test data only.]

Thomsen J, Tos M. Acoustic neuromas. Diagnostic
delay, growth rate and possible non-surgical
treatment. Acta Otolaryngol Suppl 1988;452:26-33.
[Paper pre-1990.]

Thomsen ], Tos M. Acoustic neuroma: clinical
aspects, audiovestibular assessment, diagnostic
delay, and growth rate. Am J Otolaryngol 1990;11:12—
19. [Old data only (£1990).]

Tos M, Charabi S, Thomsen J. Increase of
diagnosed vestibular schwannoma in Denmark. Acta

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Otolaryngol Suppl 1997;529:53-5. [Data repeated
elsewhere.]

Tos M, Thomsen J. Epidemiology of acoustic
neuromas. / Laryngol Otol 1984;98:685-92. [Paper
pre-1990.]

Tos M, Thomsen J. Management of acoustic
neuromas. A review. Acta Otolaryngol 1991;111:616—
32. [Review paper, no original data.]

Tos M, Thomsen J, Charabi S. Incidence of acoustic
neuromas. Ear Nose Throat | 1992;71:391-3. [Old
data only (£1990).]

Valvassori GE, Guzman M. Growth rate of acoustic
neuromas. Am ] Otol 1989;10:174-6. [Paper pre-
1990.]

van Dijk JE. Acoustic neuroma: deterioration of
speech discrimination related to thresholds in pure-
tone audiometry. Acta Otolaryngol 2000;120:627-32.
[Audio/vestibular test data only.]

Vokurka EA, Herwadker A, Thacker NA, Ramsden
RT, Jackson A. Using Bayesian tissue classification

to improve the accuracy of vestibular schwannoma
volume and growth measurement. Am | Neuroradiol
2002;23:459-67. [No relevant data.]

Warrick P, Bance M, Rutka J. The risk of hearing
loss in nongrowing, conservatively managed
acoustic neuromas. Am_J Otol 1999;20:758-62.
[Audio/vestibular test data only.]

Yanagihara N, Asai M. Sudden hearing loss induced
by acoustic neuroma: significance of small tumors.
Laryngoscope 1993;103:308-11. [Data incomplete.]

Yasumoto Y, Sato K, Sakata E. A retrospective
clinical analysis of acoustic neurinomas:
hearing disturbances and postoperative hearing
preservation. Jap | Neurosurg 1995;4:376-82.
[Surgical data only.]

Studies excluded from the
additional search covering

October 2006—August 2008
in all areas of interest

Arts HA, Telian SA, El-Kashlan H, Thompson BG.
Hearing preservation and facial nerve outcomes
in vestibular schwannoma surgery: results using
the middle cranial fossa approach. Otol Neurotol
2006;27:234-41. [No relevant data.]

Bird PA, MacFarlane MR. Management of unilateral
vestibular schwannoma/acoustic neuroma. N Z Med |
2007;120:1265. [No data.]



146

Appendix 4

Bonneville F, Savatovsky, J, Chiras J. Imaging of
cerebeloopontine angle lesions: an update. Part
2: intra-axial lesions, skull base lesions that may
invade the CPA region, and non-enhancing extra-
axial lesions. Eur Radiol 2007;17:2908-20. [No
relevant data.]

Bozorg Grayeli AB, Fond C, Kalamarides M,
Bouccara D, Cazals-Hatem D, Cyna-Gorse F, et
al. Diagnosis and management of intracochlear
schwannomas. Otol Neurotol 2007;28:951-7. [No
relevant data.]

Bozorg Grayeli A, Refass A, Smail M, Elgarem H,
Kalamarides M, Bouccara D, et al. Diagnostic value
of auditory brainstem responses in cerebellopontine
angle tumours. Acta Otolaryngol 2008;128:1096—
1100. [No relevant data.]

Caye-Thomasen P, Dethloff T, Hansen S, Stangerup
SE, Thomsen J. Hearing in patients with
intracanalicular vestibular schwannomas. Audiol
Neurotol 2007;12:1-12. [No new data.]

Edwards CG, Schwartzbaum JA, Lénn S, Ahlbom
A, Feychting M. Exposure to loud noise and risk of
acoustic neuroma. Am J Epidemiol 2005;163:327-33.
[No relevant data.]

Forssén UM, Lonn S, Ahlbom A, Savitz DA,
Feychting M. Occupational magnetic field exposure
and the risk of acoustic neuroma. Am J Ind Med
2006;49:112-18. [No relevant data.]

Humphriss RL, Baguley DM, Axon PR, Moffat

DA. Preoperative audiovestibular handicap in
patients with vestibular schwannoma. Skull base: an
interdiscplinary approach. Skull Base 2006;16:193—
9. [No relevant data.]

Luppino FS, Grooters E, de Bruine FT, Zwinderman
AH, van der May AGL. Volumetrical measurements
in vestibular schwannoma, the influence of slice
thickness and patient’s repositioning. Otol Neurotol
2006;27:962-8. [No relevant data.]

Mahrous AK, Kalepu R. Positive findings on MRI
in patients with assymmetrical SNHL. Eur Arch
Otorhinolaryngol 2008;265:1471-5. [No relevant
data.]

Myrseth E, Pedersen P-H, Mgller P, Lund-Johansen
M. Treatment of vestibular schwannomas. Why,
when and how? Acta Neurochir (Wien) 2007;149:647—
60. [No relevant data.]

Nouraei SAR, Huys QJM, Chatrath P, Powles ],
Harcourt JP. Screening patients with sensorineural
hearing loss for vestibular schwannoma using a
Bayesian classifier. Clin Otolaryngol 2007;32:248-54.
[No comparator to MR imaging.]

Penido N de O, Tangerina RP, Kosugi EM, de
Abreu CEC, Vasco MB. Vestibular schwannoma:
spontaneous tumor involution. Rev Bras
Otorrinolaringol 2007;73:867-71. [No relevant data.]

Prasad J, Cousins VC. Asymmetrical hearing loss.
Aust Fam Physician 2008;37:312-20. [No data.]

Roche PH, Robitail S, Régis J. Two- and three
dimensional measures of vestibular schwannomas
and posterior fossa — implications for the treatment.
Acta Neurochir (Wien) 2007;149:267-73. [No relevant
data.]

Sahu RN, Behari S, Agarwal VK, Giri PJ, Jain VK.
Taste dysfunction in vestibular schwannomas. Neurol
India 2008;56:42—6. [No relevant data.]

Snelling JD, Krywawych M, Majithia A, Harcourt JP.
The compliance, true positive and false negatives
of the Charing Cross protocol for magnetic
resonance imaging screening for cerebellopontine
angle lesions. J Laryngol Otol 2008;122:255-8. [No
comparator to MR imaging.]

Stangerup S-E, Caye-Thomasen P, Thomasen

MT. Change in hearing during ‘wait and

scan’ management of patients with vestibular
schwannoma. J Laryngol Otol 2008;122:673-81. [No
new data.]

Tringal S, Dubreuil C, Zaouche S, Feber-Viart C.
Are stage IV schwannomas preoperatively different
from other stages? Otol Neurotol 2007;29:46-9. [No
relevant data.]



DOI: 10.3310/htal 3180 Health Technology Assessment 2009; Vol. 13: No. 18

Appendix 5
2 X2 Results tables

Tables for selected auditory brainstem response (ABR) versus magnetic
resonance (MR) imaging papers

TABLE 33 2x2 Result table — Chandrasekhar et al., 1995¢'

Reference test: MR imaging

Index test: ABR Positive Negative Total
Positive 182 0 182
Negative 15 0 15
Total 197 0 197

TABLE 34 2x2 Result table — Selesnick and Jackler, 1993'82

Reference test: MR imaging

Index test: ABR Positive Negative Total
Positive 35 0 35
Negative 2 0 2
Total 37 0 37

TABLE 35 22 Result table — Skinner et al., 2003%

Reference test: MR imaging

Index test: ABR Positive Negative Total
Positive 77 0 77
Negative 44 0 44
Total 121 0 121
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TABLE 36 2x2 Result table — Zappia et al., 1997%

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive Negative
106 0
5 0
111 0

TABLE 37 22 Result table — Wilson et al., 1992%

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive Negative
34 0
6 0
40 0

TABLE 38 22 Result table — Schmidt et al., 200/

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive Negative
52 0
6 0
58 0

TABLE 39 2x2 Result table — Robinette et al., 2000%*

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive Negative
69 9

6 66

75 75

Total
106

Total
34

40

Total
52

58

Total
78
72
150
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TABLE 40 22 Result table — Rupa et al., 2003¢

Index test: ABR
Positive
Negative

Total

Reference test: MR imaging

Positive

4

0

4

TABLE 41 22 Result table — Marangos, 2001

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive

88
50
138

TABLE 42 2x2 Result table — Levine, 19917

Index test: ABR
Positive
Negative

Total

Reference test: MR imaging

Positive

27
3
30

TABLE 43 2 x2 Result table — Haapaniemi et al., 2000%*

Index test: ABR
Positive
Negative

Total
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Reference test: MR imaging

Positive
37

I

38

Negative
26
42
68

Negative

Negative

Negative

Total

30
42
72

Total

88
50
138

Total
27

30

Total
37

38
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TABLE 44 2x2 Result table — Gordon, 1995¢

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive
92

13

105

TABLE 45 22 Result table — El-Kashlan et al., 2000%°

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive
23

2

25

TABLE 46 22 Result table — Godey et al., 1998%

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive
82

7

89

TABLE 47 22 Result table — Cueva, 2004%°

Index test: ABR
Positive

Negative

Total

Reference test: MR imaging

Positive
17

7

24

Negative

Negative

Negative

Negative
58

210

268

Total

92
13
105

Total
23

25

Total
82

89

Total
75
217
292
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Tables for selected MR imaging versus MR imaging papers

TABLE 48 2x2 Result table — Allen et al., 1996%

Index test: 2D FSE
Positive
Negative

Total

Reference test: GATIW

Positive
98

2

100

Negative
|

299

300

Total
99
301
400

Number of ears = patients X ears X observations (502 x4 = 400). FSE, fast spin echo; GdT IW, gadolinium-enhanced T |

weighted.

TABLE 49 2x2 Result table — Stuckey et al., 1996%

Index test: 3D CISS
Positive
Negative

Total

Reference test: GATIW

Positive
35

I

36

Negative
9

205

214

Total
44
206
250

Number of patients = patients X observations (125x2 = 250). CISS, constructive interference in steady state; GdT IW,
gadolinium-enhanced T| weighted.

TABLE 50 22 Result table — Soulié et al., 19975

Index test: 2D FSE
Positive

Negative

Total

Reference test: GATIW

Positive

24 (1 NF2)
0
24

Negative
6

80

86

Total
30
80
110

Data based on the number of patients. FSE, fast spin echo; GdT IW, gadolinium-enhanced T weighted.

TABLE 51 2x2 Result table — Hermans et al., 1997%

Index test: 3D CISS
Positive
Negative

Total

Reference test: GATIW

Positive
16

2

18

Negative
9

56

65

Total
25
58
83

22 table for test results for 83 patients in series; sensitivity 89%, specificity 86%. CISS, constructive interference in steady
state; GAT IW, gadolinium-enhanced T1 weighted.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

151



Appendix 5

TABLE 52 2x2 Result table — Hermans et al., 19975

Reference test: GATIW

Index test: 3D CISS Positive Negative Total
Positive 67 18 85
Negative 5 574 579
Total 72 592 664

2x2 table for test results by number of ears; sensitivity 93%, specificity 97%.
Number of ears = patients X ears X observers X observations (83 x2x2x2 = 664). CISS, constructive interference in steady
state; GAT I W, gadolinium-enhanced T | weighted.

TABLE 53 2x2 Result table — Naganawa, 1998%

Reference test: GATIW

Index test: 3D FSE Positive Negative Total
Positive 19 2 21
Negative 0 389 389
Total 19 391 410

Number of ears = patients X ears X observers x observations (205x2x |).
The two observers results were combined in the figures quoted. FSE, fast spin echo; GdT I W, gadolinium-enhanced T1
weighted.

Held et al., 1998%
No 2x2 table.

All patients known to have acoustic neuroma. Study compared characterisation of tumour with different
sequences rather than detection.

TABLE 54 22 Result table — Marx et al., 1999%

Reference test: GATIW

Index test: 2D FSE Positive Negative Total
Positive I'1 (1 NF2) 0 I
Negative 0 39 39
Total I 39 50

Number of ears = patients X ears X observers (25x2 X |). FSE, fast spin echo; GdT IW, gadolinium-enhanced T| weighted.

Schmalbrock et al., 1999%
No 2x2 table.

All patients known to have acoustic neuroma. Study compared characterisation of tumour with different

sequences rather than detection.
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TABLE 55 2x2 Result table — Zealley et al., 2000*

Index test: 2D FSE
Positive
Negative

Total

Reference test: GATIW

Positive
64

2

66

Total
178

2288
2466

2x2 table with threshold set to include ‘uncertain’, ‘probable acoustic neuroma’ and ‘definite acoustic neuroma’. Divide

figures by 2 for number of cases. FSE, fast spin echo; GdT IW, gadolinium-enhanced T| weighted.

TABLE 56 2x2 Result table — Zealley et al., 2000*

Index test: 2D FSE
Positive
Negative

Total

Reference test: GATIW

Positive

66
0
66

Total
1012
1454
2466

22 table with threshold set to include ‘uncertain’, ‘probable acoustic neuroma’, ‘definite acoustic neuroma’ and ‘acoustic

neuroma probably not present’. FSE, fast spin echo; GdT IW, gadolinium-enhanced T weighted.

TABLE 57 2x2 Result table — Annesley-Williams, 20013

Index test: 2D FSE
Positive

Negative

Total

Reference test: GATIW

Positive
24

8

32

Total
77
263
340

2x2 test result for cases including all pathologies. It is important to note that the false-negative results included one dural
lesion in the internal auditory canal and seven labyrinthine lesions (sensitivity 75%, specificity 83%). FSE, fast spin echo;
GdT W, gadolinium-enhanced T| weighted.

TABLE 58 2x2 Result table — Annesley-Williams, 20013

Index test: 3D FSE
Positive

Negative

Total

Reference test: GATIW

Positive

4
I
5

Total
20
153
173

22 test result for cases including all pathologies. It is important to note that the single false-negative result was a case of
labyrinthine enhancement, not a ‘missed’ cerebellopontine angle or internal auditory canal lesion (sensitivity 80%, specificity

90%). FSE, fast spin echo; GAT IW, gadolinium-enhanced T| weighted.
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TABLE 59 2x2 Result table — Ben Salem, 2001%°

Reference test: GATIW
Index test: 2D TGSE Positive Negative
Positive 19 15
Negative 0 346
Total 19 361

GdTIW, gadolinium-enhanced T weighted; TGSE, turbo gradient spin echo.

Total
34
346
380
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