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Abstract

Background. Imaging detects acoustic neuroma, a rare pathology associated with asymmetric
sensorineural hearing loss and tinnitus, that is mostly managed conservatively. Scanning indi-
cation is debatable, without evaluation in primary care, despite the high burden of audioves-
tibular symptoms and commissioning of general practitioner imaging.
Method. Cohort evaluation of two years’ internal auditory meatus magnetic resonance
imaging in primary care.
Results. Of 200 scans requested by 77 general practitioners, only 33 per cent conformed to
guideline indications. Most were referred to specialists, regardless of result. Only 10.5 per cent
were appropriately imaged to rule out neuroma without specialist referral. One neuroma was
detected (diagnostic yield 0.5 per cent) in a patient already referred. Incidental findings were
shown in 44.5 per cent, triggering low-value cascades in 18 per cent. Whilst fewer than 1 in a
1000 imaged patients may improve through surgery, 1 in 5 can suffer negative imaging cascades.
Conclusion. Considering the bi-directional relationship between distress and audio-vestibular
symptoms, anxiety-provoking imaging overuse should be minimised. In low-prevalence pri-
mary care, retrocochlear imaging could be limited to those with asymmetric sensorineural
hearing loss. Alternatively, assessment and imaging could be shifted to audiologist-led set-
tings, with a wider therapeutic offer, likely more beneficial and cost-effective than conven-
tional surgical pathways.

Introduction

Tinnitus (an abnormal sensation of noise) affects up to 15 per cent of adults, with 3 per cent
requiring clinical support and increasing presentation to primary care.1 Annually, tinnitus is
associated with one million UK general practitioner consultations, £750 million in health-
care costs (0.6 per cent of public health spending) and societal costs of £2.7 billion.2

Internal auditory meatus (IAM) magnetic resonance imaging (MRI) is the ‘gold stand-
ard’ to detect acoustic neuroma,3 also known as vestibular schwannoma. These are usually
indolent slow-growing tumours; they typically present with asymmetric hearing loss, but
are also associated with non-pulsatile tinnitus. When additional neurological features are
present, central pathologies such as stroke, multiple sclerosis or space-occupying lesions
warrant consideration.

There is uncertainty regarding which clinical indications should trigger imaging to
identify acoustic neuroma. The probability of acoustic neuroma in asymmetric sensori-
neural hearing loss cases is around 1 per cent, with an even lower likelihood when tinnitus
alone is present.4 When targeted to asymmetric sensorineural hearing loss, around 100
scans are required for 1 acoustic neuroma diagnosis, with a cost per diagnosis of at
least £11 000.5 A significant proportion of acoustic neuromas either regress or do not
go on to cause harm.6 Management has shifted away from intervention, and 69 per
cent are now managed conservatively with observation.6 Within an ageing population
(where small acoustic neuromas are more common), the utility of diagnosis is question-
able. For the minority who receive surgical intervention, benefit is not guaranteed, as
many (sometimes the majority, depending on baseline severity) continue with similar
or worse symptoms of tinnitus or hearing loss.7–10

Specialist imaging strategies are extrapolated to primary care for numerous reasons,
including earlier disease detection and more efficient pathways (e.g. improved decision-
making at the first out-patient appointment) or to enable management in primary care
without referral.

Whilst diagnostics are often evaluated in specialist settings, primary care has different
dynamics, including lower disease prevalence. Lower prevalence results in lower predictive
value of either tinnitus or asymmetric hearing loss in primary care to identify acoustic
neuroma, decreasing diagnostic yield and increasing scans (and cost) per diagnosis.

Incidental findings are demonstrated in 41–48 per cent of IAM MRI scans,11,12 of
which the vast majority are benign. These may generate anxiety and healthcare cascades,
which is concerning, considering the bi-directional relationship between psychological
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well-being and tinnitus.13 It is unclear what aggregate benefits
or harms occur from IAM imaging in primary care.

There is continued growth of primary care imaging, with
commissioners purchasing additional imaging capacity to
meet growing demands, despite concerns over the unintended
consequences and disutility of traditionally specialist diagnos-
tics introduced to this setting.14 Guidelines for the diagnosis of
acoustic neuroma highlight over-testing and low diagnostic
yield, yet none comment on the setting of care. We found
no primary care appraisal of IAM MRI to support its wide-
spread use in this setting and no quantification of low-value
cascades. This evaluation served to assess the utility and
‘value’ of general practitioner requested IAM MRI, both ben-
efits and harms, to inform local pathway development and
commissioning arrangements.

Methods

The two local diagnostic suppliers provided activity data for
IAM MRI scans for a two-year period (January 2017 to
December 2018) across three National Health Service (NHS)
clinical commissioning groups. Primary care records were
reviewed by practice staff in this observational evaluation of
routinely collected data (a retrospective study of prospectively
collected data). The IAM MRI scans were reviewed consecu-
tively to avoid sampling bias. For a 95 per cent confidence
interval (CI) of sampling error of 10 per cent or less, the min-
imum sample size was set at 97 cases. For inclusion, records
needed to include the initial MRI request, the results and at
least 12 months’ follow-up records.

The presenting symptoms, results, diagnostic yield (change
in diagnosis), therapeutic yield (change in treatment based on
diagnosis) and associated healthcare utilisation, including
unintended cascades, were all captured. Specialist referrals
were recorded temporally as pre-MRI, peri-MRI (organised at
the same clinical encounter as the MRI request) or post-MRI.

The UK Royal College of Radiologists guidelines suggest that
IAM MRI is a resource-intensive ‘specialised investigation’ only
to be undertaken after discussion with radiologists or according
to locally agreed protocols.15 The MRI requests were audited
against established guidelines by the regional diagnostics clinical
lead, and categorised as likely, unclear or unlikely indicated.
Guidelines from the American Academy of Otolaryngology,16

Congress of Neurological Surgeons and American Association
of Neurological Surgeons,4 European Academy of Otology and
Neuro-otology,17 and UK National Institute for Health and
Care Excellence (NICE)18 all share the sentiment of reducing
imaging overuse in patients with a low likelihood of disease.
TheNICE guidelines suggest considering imaging for asymmetric
hearing loss, unilateral tinnitus, or bilateral tinnitus with add-
itional neurological features. As NICE guidelines were not pub-
lished during the study period, we referenced against
established guidelines; that is, unilateral tinnitus, significant asym-
metric sensorineural hearing loss, or asymmetric hearing with
localising features.19 The Royal College of Radiologists recom-
mend an audit for tinnitus character, asMRI is indicated for non-
pulsatile tinnitus only.20 Statistics were computed in Microsoft
Excel with Analysis ToolPak, using ‘Wald method’ two-tailed
95% confidence intervals for proportion point estimates.

Results

The overall volume of IAM MRI scans during the two years
was low compared with other MRI requests, with 21.5 per

cent of practices requesting no such scans, suggesting that
many general practitioners refer to secondary care rather
than direct-access imaging (Table 1). There was wide variation
amongst those who accessed imaging, ranging from 1.0 IAM
MRI scans to 101.0 IAM MRI scans per 10 000 registered
patients at the highest-requesting practice. This 100-fold vari-
ation in requesting rate reflects unwarranted variation in care.

We reviewed scans from both high- and low-requesting
practices (Table 2), achieving what was felt to be an adequately
powered sample size of 200 scans to give a 95 per cent CI sam-
pling error of 7 per cent or less.

Alignment with guideline indications

There was occasional discrepancy between clinical records and
radiology requests. Clinical records were focused upon as most
contemporaneous and likely to be accurate, with symptoms
described in Table 3.

Some patients had previously been evaluated by ENT services
but had re-presented for the same issue. This highlights the
chronicity of such symptoms; 23.5 per cent of cases (95 per
cent CI ± 5.9 per cent, n = 47) had a history longer than one year.

Only 33 per cent of IAM MRI scans (95 per cent CI ± 6.5
per cent, n = 66) were deemed likely to be indicated. Of the
13.5 per cent of patients who presented with asymmetric hear-
ing (95 per cent CI ± 4.7 per cent, n = 27), 10 demonstrated
asymmetric sensorineural hearing loss on audiometry.

A dedicated brain MRI was reported in 76.5 per cent of
cases (95 per cent CI ± 5.9 per cent, n = 153). In 65 per cent
of cases (95 per cent CI ± 6.7 per cent, n = 129), brain imaging
was requested by the general practitioner, and in 12 per cent
(95 per cent CI ± 4.5 per cent, n = 24) it was added by the radi-
ology department. The IAM MRI scan was requested by a gen-
eral practitioner in 76 per cent of cases (95 per cent CI ± 5.9
per cent, n = 152) and added by radiology in 24 per cent
(95 per cent CI ± 5.9 per cent, n = 48); of these, only nine
cases appeared to be indicated according to guidelines.

Tinnitus character was only recorded in 2.5 per cent of cases
(95 per cent CI ± 2.2 per cent, n = 5), in keeping with evidence
of low recognition amongst general practitioners.21 In two of
these three cases, character was noted as pulsatile, suggesting
vascular or middle-ear abnormalities, for which computerised
tomography is indicated rather than MRI.22

Magnetic resonance imaging results

Table 4 outlines the MRI results. One acoustic neuroma was
identified, representing a diagnostic yield of 0.5 per cent
(95 per cent CI ± 1.0 per cent, n = 1). The acoustic neuroma
was in a patient without tinnitus, previously diagnosed with
asymmetric sensorineural hearing loss, who had already been
referred to ENT prior to his MRI. This patient developed

Table 1. Population imaging data

Parameter Values

Total MRIs performed
across 3 CCGs

514 MRIs requested over 2 years by 84 of
107 practices

Patient population across
3 CCGs

Approximately 670 000 patients

Mean annual requesting
rate

3.8 scans per 10 000 registered patients
(range, 0.0–101.0)

MRI = magnetic resonance imaging; CCG = clinical commissioning group
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complete hearing loss following surgery; this is in keeping with
literature reports of hearing preservation in 58 per cent of
cases after intervention.8

Two cases of middle-ear effusion in patients with bilateral
hearing loss only, who had already started appropriate treat-
ment, demonstrate why asymmetric sensorineural hearing
loss is a recommended criterion to indicate acoustic neuroma
investigation.

Incidental findings were demonstrated in 44.5 per cent of
cases (95 per cent CI ± 6.9 per cent, n = 89). As a consequence
of incidental findings, 18.0 per cent of imaged patients (95 per
cent CI ± 5.3 per cent, n = 36) underwent cascades, including:
low-value overdiagnosis and overtreatment burden, referrals to

neurology, neurosurgery or ENT, or further imaging. All cas-
cade referrals resulted in discharge, with no significant path-
ology found or change in management. One patient suffered
a panic attack, in keeping with literature reports of MRI claus-
trophobic distress in 1 per cent of cases.11

Associated referrals

In 35.5 per cent of cases (95 per cent CI ± 6.7 per cent, n = 71),
there were no other associated specialist referrals. However,
eight of these patients suffered unintended cascades as a result
of incidental overdiagnosis, including contentious treatment
burden or unnecessary repeat imaging.

Table 5 outlines the 179 referrals, including 134 to secondary
care specialists, for the 64.5 per cent (95 per cent CI ± 6.7 per
cent, n = 129) majority of patients. Some patients had more
than one referral. There were nine fast-track ‘two-week-wait’
suspected cancer referrals, of which seven were for audiological
symptoms, despite not qualifying for such pathways. Two can-
cer pathway referrals were triggered by incidental benign find-
ings on imaging, resulting in no change in management.

For the 66 indicated MRI cases, there were 48 specialist
referrals. Only 10.5 per cent of patients (95 per cent CI ±
4.2 per cent, n = 21) were appropriately imaged to rule out
acoustic neuroma, with no additional specialist utilisation.

Table 2. Sample characteristics

Parameter Values

Included practices 22 GP practices, including range of
socio-economic regions, with small (n = 4039) to
large (n = 18 737) patient list sizes, & both
training & non-training practices. Included high-
& low-requesting practices

Included cases 200 MRI requests made by 77 GPs

Excluded cases 9 cases excluded due to incomplete records (no
results, or de-registration within 12 months)

Patient gender 113 females, 87 males

Age (years) Median = 49 (range, 18–96)

Symptom duration
(% (n))

– <7 days 5.0 per cent (n = 10)

– 7–28 days 20.0 per cent (n = 40)

– 28–84 days 22.0 per cent (n = 44)

– 85–126 days 13.5 per cent (n = 27)

– 126–365 days 9.0 per cent (n = 18)

– 365+ days 23.5 per cent (n = 47)

– Not recorded 7.0 per cent (n = 14)

GP = general practitioner; MRI = magnetic resonance imaging

Table 3. Presence of symptoms amongst imaged patients

Symptom
Cases where
recorded (% (n))

Cases where
only symptom
recorded (% (n))

Unilateral tinnitus 27.5 (55) 11.5 (23)

Bilateral tinnitus 20.0 (40) 5.0 (10)

Unspecified tinnitus 2.0 (4) 0.5 (1)

Tinnitus character recorded 2.5 (5) N/A

Asymmetrical hearing loss 13.5 (27) 2.0 (4)

Bilateral or unspecified
hearing loss

9.5 (19) 1.5 (3)

Rotational vertigo 11.0 (22) 6.0 (12)

Dizziness 41.0 (82) 16.0 (32)

Nausea or vomiting 4.0 (8) 0.0 (0)

Ear pressure or pain 11.5 (23) 3.0 (6)

Headache 21.0 (42) 2.0 (4)

N/A = not applicable

Table 4. MRI findings

Parameter Cases (n)

Unremarkable IAM MRI scans 111 (55.5% of scans)

IAM MRI scans with findings 89 (44.5% of scans)

Symptomatic findings 3 (1.5% of scans)

– Acoustic neuroma 1

– Otitis media 2

Asymptomatic incidental findings* 89 (44.5% of scans)

– Cerebral small vessel disease (e.g. white
matter hyperintensities, infarcts,
microbleeds)†

32

– Sinus changes including polyps† 16

– Atrophy 16

– Other anatomical variants 11

– Mastoid changes† 6

– Pineal cyst† 5

– Arachnoid cyst 5

– Chronic subdural haemorrhage† 1

– Non-specific cysts† 1

– Possible meningioma† 1

– Possible cholesteatoma† 1

– Possible multiple sclerosis† 1

– Pituitary changes† 1

– Possible middle cerebral artery aneurysm† 1

– Possible thyroiditis 1

– Posterior fossa bone changes 1

– Old birth injury 1

*More than one incidental finding was present in some scans. †Findings that led to cascades
of further specialist referrals. MRI = magnetic resonance imaging; IAM = internal auditory
meatus
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For patients seen in secondary care, there was no immediate
access to MRI results from different providers, with patients
subsequently recalled or re-scanned.

Discussion

Imaging requests

Patients present to primary care with more undifferentiated
symptoms and earlier in their history. In this study, only 33
per cent of IAM MRI scans (95 per cent CI ± 6.5 per cent,
n = 66) confirmed to established guideline indications. When
acoustic neuroma was suspected, imaging of the brain rather
than IAM was often selected. Patient requests for imaging
were rarely noted; ordering patterns more likely reflect clinician
heuristics than patient demand. Low recognition of tinnitus
character and poor guideline compliance are in keeping with
the literature as a primary care learning need.21 Variation in
how radiology providers vet requests was also apparent.

Investigation of dizziness was the commonest spurious use
of IAM MRI. Retrocochlear pathology is not a primary suspi-
cion in dizziness. Whilst neuroimaging can rule out infarction,
the head impulse, nystagmus and test of skew (‘HiNTS’) clin-
ical examination has superior sensitivity.23 More importantly,
central neurological pathology associated with dizziness would
demand same-day referral to acute services rather than out-
patient imaging with a turnaround time of weeks.

Magnetic resonance imaging findings

Only one acoustic neuroma was diagnosed, in a patient who
had already been referred to ENT prior to MRI; this represents
a diagnostic yield of 0.5 per cent (95 per cent CI ± 1 per cent,
n = 1). Incidental findings were demonstrated in 44.5 per cent
of IAM MRI scans (95 per cent CI ± 6.9 per cent, n = 89), in
keeping with the existing literature.11,12 Incidental findings
triggered cascades in 18.0 per cent of cases (95 per cent
CI ± 5.3 per cent, n = 36), including further specialist referrals
(with no ultimate change in management) for 15.5 per cent of
all imaged patients (95 per cent CI ± 5 per cent, n = 31).
Incidental findings may generate more cascades when identi-
fied in primary care, a setting with less expertise in advanced
imaging along with access to numerous referral pathways.

Cerebral small vessel disease was the most prevalent inci-
dental finding; this is important in the context of an ageing

population, where up to 95 per cent of patients may demon-
strate such changes.24 Some of these patients were referred
to secondary care, and some were immediately started on
hypertensive or statin therapy. Radiological cerebral small ves-
sel disease may be a risk for future stroke or cognitive decline;
however, many will never develop any symptoms. The evi-
dence is mixed, and it is unclear whether treatment of asymp-
tomatic cerebral small vessel disease is beneficial, particularly
in the elderly.24,25 Whilst the negative psychological effects
of disease labels could not be fully captured, in four cases,
records documented that asymptomatic patients were dis-
tressed at being informed of cerebral small vessel disease.

Structural changes, noise exposure and psychological factors
all work synergistically to trigger tinnitus, which has a
bi-directional relationship with neuro-emotional circuitry.26–29

Tinnitus is associated with mental health symptoms,30 noted
in this cohort, and around 75 per cent of episodes might relate
to emotional stress rather than cochlear pathology.31

Over-medicalising, or anxiety-provoking incidental diagnoses
and unnecessary referrals, is especially harmful considering
that distress may already play a causative role in tinnitus
amongst emotionally vulnerable patients.

Referral to specialist services

Studies show that approximately 23–37 per cent of primary care
patients with tinnitus are referred to specialist services.21,32

Whilst one economic model, based on a variety of sources, sug-
gested that 56 per cent of these patients are ultimately referred.2

Our sample of only imaged cases may not reflect all tinnitus
patients presenting to primary care, so they cannot be directly
compared. Nonetheless, 65.1 per cent of the 106 tinnitus
patients in this cohort (95 per cent CI ± 9.1 per cent, n = 69)
were referred to specialist services, with mostly unremarkable
imaging findings. These results do not support a commonly
held assumption that the availability of direct-access imaging
reduces general practitioner specialist referrals. Of 164 patients
in whom the general practitioner felt there was nothing of clin-
ical relevance on imaging, 63.2 per cent (95 per cent CI ± 7.3
per cent, n = 107) were still referred to specialists, demonstrating
that a ‘normal’ test does not necessarily avoid specialist referral
and the further support needed beyond a test for those with per-
sisting symptoms.

Of all imaged patients, 64.5 per cent (95 per cent CI ± 6.7
per cent, n = 129) were still referred to secondary care. It is
unclear whether direct-access advanced imaging is helpful
when patients are also referred to a secondary care specialist
capable of organising such tests when necessary. In the vast
majority of patients, the community-organised MRI was not
available at their consultant review, and regardless of imaging
results, only some patients can be discharged after a single
appointment. Furthermore, additional MRI capacity for gen-
eral practitioner requested imaging represents an increased
cost pressure beyond the largely fixed supply of specialist
imaging. The pre-hospital scans for these patients, with near-
zero therapeutic yield, would seem to represent little utility for
primary care management or for patient outcomes.

Only 10.5 per cent of imaged patients (95 per cent CI ± 4.2
per cent, n = 21) were appropriately scanned according to
guidelines and received no additional referrals. Based on refer-
ence prices,2 an MRI expenditure of £26 000 (200 scans ×
£130) for this cohort effectively ruled out possible acoustic
neuroma in 21 cases without specialist input, whilst generating
31 low-value specialist referral cascades as a result of incidental

Table 5. Associated general practitioner referrals

Referral destination

Referrals (n)*

Pre-MRI Peri-MRI Post-MRI Total

Community audiometry 30 5 10 45

ENT out-patients 19 37 39 95

Neurology (e.g. TIA,
stroke & memory) clinics

4 2 21 27

Care of elderly 1 0 0 1

Neurosurgery 0 0 2 2

2-week-wait head & neck
cancer pathways

3 2 4 9

*There were a total of 179 referrals. Ten specialist referrals were to the private sector and
124 were to National Health Service providers; there were 134 specialist referrals in total
(community audiology was not counted as a specialist referral). MRI = magnetic resonance
imaging; TIA = transient ischaemic attack
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findings. Unfettered MRI access generates greater out-patient
costs through incidental cascades than it saves through appro-
priately ruling out acoustic neuroma without referral.

Of all imaged patients, 35.5 per cent (95 per cent CI ± 6.7
per cent, n = 71) required no specialist referral. We could
assume that the absence of general practitioner requested
imaging may have resulted in all these cases being referred
onwards. In this sector, primary care MRI represents add-
itional scanning supply procured beyond the largely bottle-
necked secondary care capacity. Remembering that 31 cascade
referrals were generated through incidental findings, the add-
itional cost pressure of £26 000 primary care MRI scans
could have conceivably reduced by approximately only
£4880 ((71 − 31) × £122, based on national tariff prices33) in
secondary care referrals. This scenario, however, requires con-
siderable unindicated and clinically ineffective use of advanced
diagnostic imaging. Furthermore, not all patients who were
referred would necessarily have received IAMMRI in specialist
care, and many patients imaged in the community were
re-scanned by secondary care. It is therefore highly unlikely
that general practitioner imaging access represents any cost-
containment benefit for commissioners.

Because hospital out-patient capacity is fixed, even if some
referrals are reduced, savings are not released, as out-patient
capacity is consumed by other demand. Supplying general
practitioners with direct-access imaging represents an add-
itional cost pressure. The clinical threshold for a non-invasive
and easily accessible test is likely to be lower than that required
for a general practitioner to trigger a specialist referral. It is
therefore likely that general practitioners will order more
scans than they would have otherwise referred to specialists.
It is unclear how many more specialist referrals would have
occurred in the absence of direct-access MRI and whether
the added cost of such (mostly inappropriate) imaging war-
rants a potential small referral reduction, particularly with so
many low-value cascades.

Referral efficiency from pre-hospital diagnostics was rarely
realised, as community-delivered MRI scans were often
unavailable at a patient’s specialist consultation because of
fragmented services lacking digital integration. Therefore, fur-
ther specialist follow up beyond the initial appointment was
often still required.

Benefit versus harm

The diagnostic yield from this primary care strategy was 0.5
per cent. Given that as few as 31 per cent of acoustic neuromas
receive intervention,6 645 (1 ÷ (0.005 × 0.31)) individuals are
imaged in primary care to identify 1 acoustic neuroma candi-
date for intervention. This diagnostic strategy therefore costs
approximately £83 850 (645 × £130) to achieve therapeutic
yield.

There is a wide range of interventional procedures available
for acoustic neuromas, each with varying associated risks.34

Studies show that between 42 and 58 per cent of patients
may see benefit in tinnitus or hearing preservation following
surgery.8,10,35 With the most optimistic improvement rate of
58 per cent, we can therefore postulate that only 0.09 per
cent (0.5 per cent × 31 per cent × 58 per cent) of patients
undergoing IAM MRI in primary care stand to benefit clinic-
ally. This means that 1111 (1 ÷ 0.0009) primary care patients
need to be imaged for 1 patient to achieve a clinical improve-
ment from treatment. The cost of this diagnostic strategy
equates to £144 430 (1111 × £130) per benefitting patient.

Even without factoring in the cost of surgical or radiosurgical
interventions, the diagnostic spend alone would exceed UK
incremental cost-effectiveness thresholds of £20 000 to £30
000 per quality-adjusted life year, considering that the gain
in quality-adjusted life years from surgery or radiosurgery
above conservative treatment is thought to be often
minimal.36,37

The one case of acoustic neuroma in this cohort had
already been referred to ENT prior to his MRI, so there is
no evidence that general practitioner access to imaging results
in an improved diagnostic yield, or sensitivity, compared with
usual general practitioner care without imaging.

Incidental findings were seen in 44.5 per cent of imaged
patients (95 per cent CI ± 6.9 per cent, n = 89), and 18.0 per
cent of imaged patients (95 per cent CI ± 5.3 per cent,
n = 36) suffered as a result of overdiagnosis. This included
negative labelling with conditions such as small vessel disease,
and its associated treatment burden of unclear benefit, and the
unnecessary cascades of referrals or further investigations,
with no change in management. This means only approxi-
mately five patients need to be imaged for one to experience
negative consequences of overdiagnosis. Such iatrogenic
harms of psychological distress and anxiety, financial or insur-
ance implications, as well as healthcare burden on patients
may not be immediately tangible to clinicians. The psycho-
logical distress caused by being informed of incidental intra-
cranial structural abnormalities is particularly important, con-
sidering the bi-directional relationship between tinnitus and
mental health.

Strengths and limitations

We were able to audit a significant consecutive sample of IAM
MRI scans over a two-year period across a large primary care
population and a wide array of practices and clinicians, with
mixed demographics, likely reflective of UK general practice.
Only nine cases were excluded because of incomplete records,
minimising any sampling or attrition bias. Adequate sample
size provided an acceptable CI for sampling error. The rates
of positive and incidental findings, as well as claustrophobia,
were consistent with previous literature. There were no other
published data on IAM MRI in primary care for comparison.

Primary care records provide robust data on associated
healthcare utilisation across different secondary care services
and sectors; however, they may not reflect all real-world symp-
toms. We could not capture patient-orientated outcomes or
quality-of-life data, focusing instead on healthcare utilisation.
We could not quantify the potential reassurance from scans
with unremarkable findings, or the potentially enduring psy-
chological harm associated with incidental findings and their
cascades. We were unable to capture the full range of potential
negative consequences of tests across physical, psychological,
social, financial, treatment burden and dissatisfaction
domains.38

Only one evaluator, the regional clinical lead, reviewed the
indications for scanning, which could introduce measurement
bias. ‘Appropriateness’ of imaging can be subjective, and
certain patient neurological features may not have been docu-
mented in clinical records. Despite such potential limitations,
the low proportion of requests meeting guidelines provides a
convincing signal regarding a problem of unindicated imaging
overuse.

We did not have a comparator group without MRI access,
to contrast management decisions and cascades. We
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considered comparing rates of ENT secondary uses service
(SUS) data against IAM MRI referral rates. However, whilst
around a quarter of practices requested no IAM MRI scans,
the volume of IAM MRI scans was too small to expect a
detectable difference in ENT referrals, as audiological symp-
toms represent only a small proportion of total ENT
referrals.39,40

Specialist referrals triggered by incidental findings have a
clear temporal causal relationship to patient MRI. Patients
undergoing direct-access imaging may reflect those with con-
founding factors, representing a more complex group than
most patients attending primary care with tinnitus. Whilst we
therefore cannot comment on whether imaging itself is related
to a higher rate of specialist ENT referral, this evaluation cer-
tainly shows no evidence to support the assumption that pri-
mary care direct access to imaging reduces specialist referrals.

Implications for practice

Imaging guidelines do not comment on the setting of care, and
this evaluation is the first to highlight IAM imaging challenges
in the low-prevalence and more undifferentiated primary care
landscape. General practitioners can refer onward and do not
require the high-sensitivity diagnostic strategy of specialist
settings. The IAM MRI diagnostic yield for acoustic neuroma
was only 0.5 per cent, at a cost of approximately £26 000 per
diagnosis. Considering that only 31 per cent of neuromas are
resected, and only some of these achieve clinical improvement,
this would place the cost per therapeutic yield of this general
practitioner diagnostic strategy well above UK cost-effectiveness
thresholds. Factoring in surgical complications, it is thought that
there is no significant quality-adjusted life year gain from sur-
gery or radiotherapy compared with conservative management
of small-to-medium (1–20mm) acoustic neuromas, and so a
diagnostic strategy for such conditions presents no cost utility.36

It is debatable whether unilateral, non-pulsatile tinnitus
alone warrants imaging. A systematic review found that less
than 1 per cent of acoustic neuromas present with unilateral
tinnitus alone, and that tinnitus correlates more with hearing
loss than acoustic neuroma per se.4 Studies argue against
imaging unilateral tinnitus, suggesting that acoustic neuroma
can be reliably and more cost-effectively identified by asym-
metric sensorineural hearing loss audiometric protocols.11,41,42

In view of the harms of over-testing, the 2020 NICE guideline
committee recommended to ‘consider’ but not ‘offer’ imaging
for unilateral tinnitus. It is unclear what impact this semantic
advice will have, considering the current ubiquitous unindi-
cated imaging overuse.

Education is resource-intensive, with limited reach and
mixed long-term effects.43,44 System changes, such as amend-
ing electronic and paper request forms,45 may more effectively
limit IAM MRI to proven asymmetric sensorineural hearing
loss (asymmetry of more than 15 dB at any frequency has
shown 100 per cent sensitivity and 29 per cent specificity for
acoustic neuroma46). Based on this evaluation, these changes
could avoid over 90 per cent of current general practitioner
requested IAM MRI scans as well as resource savings from
avoidable cascades as a result of incidental findings. The com-
missioning of UK audiometry providers would require review,
as many currently exclude patients with unilateral tinnitus or
asymmetric hearing loss. Readily available bedside tuning
fork tests have limited sensitivity, potentially as low as 67
per cent,47 to detect asymmetric sensorineural hearing loss
and are not consistently used.21 However, tinnitus alone has a

very low prevalence for acoustic neuroma (less than 1 per
cent), and therefore negative tuning fork tests may provide an
acceptable negative predictive value in this scenario for watchful
waiting rather than immediate imaging, particularly for those
with a low level of impairment. Because of the poor specificity
of tuning fork tests for asymmetric sensorineural hearing loss,
as low as 60 per cent,48 their positive predictive value to indicate
imaging is poor, and audiometry first would still be advisable to
reliably identify asymmetric sensorineural hearing loss prior to
imaging.

• Imaging tinnitus without asymmetric hearing loss provides less than 1 per
cent diagnostic yield, with even smaller therapeutic yield, as most
neuromas are managed conservatively.

• Only 33 per cent of general practitioner scans for retrocochlear pathology
appeared congruent with guideline indications.

• 64.5 per cent of imaged patients were still referred to secondary care,
highlighting additional support beyond tests required for ongoing
symptoms.

• A cascade yield of low-value investigations, treatments or referrals was
seen in 18 per cent, due to incidental findings seen in 44.5 per cent.

• Fewer than 1 in 1000 patients imaged in primary care may benefit through
surgery, whilst 1 in 5 may suffer ineffective or harmful cascades.

• In primary care, IAM MRI could be restricted to those with proven
asymmetric sensorineural hearing loss, or shifted to audiologist-led
settings for a more beneficial and cost-effective wider therapeutic offer
than conventional surgical pathways.

Aside from ruling out rare acoustic neuroma, the most thera-
peutic offer, including psychological therapies, to support
habituation to often chronic symptoms may be best accessed
through non-surgical audiovestibular services.2 Such audiolo-
gist-led care is likely to be more clinically and cost-effective
than general practitioner requested imaging and traditional
surgical ENT referral,2 which has low diagnostic and thera-
peutic yield, with greater iatrogenic disease labelling and unin-
tended cascades. Whilst variation exists amongst audiology
and tinnitus services in the UK,49,50 it may be reasonable to
reduce commissioned general practitioner IAM MRI capacity
and more effectively re-invest in audiologist-led diagnostic
pathways, with strict scanning protocols and expertise in inter-
preting advanced imaging, for the high burden of audiovestib-
ular complaints in primary care.51 Further research should
focus on capturing wider domains of quality of life following
IAM MRI, including psychological and financial conse-
quences, to understand the net benefit versus harm of imaging
patients with a very low likelihood of serious disease.

Conclusion

What benefit could direct-access IAM MRI offer primary care?
Regarding acoustic neuroma detection, first-line audiometry for
asymmetric sensorineural hearing loss may be more appropriate
to identify those with a higher probability of disease. For patient
reassurance, evidence suggests that tests alone, including neuro-
imaging, are not anxiolytic in the long term.52,53 Referral effi-
ciency from pre-hospital diagnostics is limited by fragmented
services which lack digital integration. Regarding reduction of
referrals, the majority of imaged cases are still referred to spe-
cialist services, even with a ‘normal’ MRI scan. Imaged patients
had a higher, rather than lower, rate of specialist referral than
that demonstrated in studies of usual general practitioner
care. Only 10.5 per cent of cases were appropriately imaged
without additional referrals. Any marginally earlier acoustic
neuroma diagnosis (in 0.5 per cent of patients) is eclipsed by
a higher rate of patient harm and further costs through
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incidental findings in 44.5 per cent of cases, generating low-
value disease labels and cascades of healthcare utilisation in
18 per cent.

Less than 0.1 per cent of patients undergoing IAM MRI in
primary care stand to achieve any clinical improvement
through identification and subsequent surgical treatment of
acoustic neuroma. Therefore, more than 1000 primary care
scans are necessary for 1 patient to benefit. There was no evi-
dence that such patients would not be identified via onward
referral in routine care without MRI access. However, as
many as around one in every five who undergo IAM MRI in
primary care suffers harm through low-value structural disease
labels and associated treatment burden, or unnecessary further
referrals and investigations, with no obvious clinical benefit.
Such a low number needed to harm is concerning.
Considering clinical effectiveness and patient safety, with a
national NHS focus on protecting individuals from avoidable
harm, it is vital for policy-makers to improve current IAM
imaging pathways.
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