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Abstract

Objective. Patients with hearing loss and tinnitus face lengthy waits to be seen in the ENT
clinic. SHOEBOX Audiometry is an iPad-based, audiometric screening tool. A virtual hearing
loss and non-pulsatile tinnitus clinic involving an ENT specialist virtually assessing cases
based on the SHOEBOX audiogram, a patient symptom questionnaire and the primary
care referral letter were implemented. This service evaluation explored the outcomes of the
virtual clinic in reducing the need for a face-to-face ENT appointment.
Method. This was a retrospective service evaluation of the first six months of the virtual hear-
ing loss and non-pulsatile tinnitus clinic.
Results. A total of 210 patients were included: 34.8 per cent (73) were discharged without
requiring audiologist assessment or an ENT appointment, 51.9 per cent (109) required formal
audiological assessment, 36.7 per cent (77) required imaging and only 13.8 per cent (29)
required a face-to-face ENT appointment.
Conclusion. A virtual hearing loss and non-pulsatile tinnitus clinic minimised the number of
patients requiring a traditional face-to-face clinic appointment within ENT.

Introduction

In the UK, approximately 11 million people suffer from some degree of hearing loss, and
7 million people suffer from tinnitus.1,2 These symptoms can have a profound impact on
quality of life3,4 and are associated with poor mental health and unemployment.5

Unaddressed hearing loss impacts on cognitive function and communication skills6,7

alongside psychosocial effects, such as social isolation and loneliness.8

There is significant demand for secondary care assessment of patients with hearing
loss and non-pulsatile tinnitus, who may face lengthy waits to be seen in ENT clinics,
and this was exacerbated during the coronavirus (Covid-19) pandemic.9 These presenta-
tions rarely have surgical disease requiring intervention and typically do not demonstrate
significant clinical findings.10

At the outset of the Covid-19 pandemic, ENT clinics prioritised patients with urgent
presentations, leading to a significant backlog of patients who continued to be referred
with hearing loss and/or non-pulsatile tinnitus. Combined with a chronic shortage of
audiologists supporting ENT services in our department, waiting times for some patients
requiring a traditional face-to-face ENT appointment with audiology assessment reached
12 months since referral.

Following a risk assessment of potential harm to patients from delay of diagnosis for
tumours of the cerebellopontine angle or internal auditory meatus, a virtual clinic for
hearing loss and non-pulsatile tinnitus was proposed. This was subjected to our institu-
tional governance processes and reviewed by the planned care commissioning team and
primary care partners with an outcome in support of implementation.

The virtual clinic for hearing loss and non-pulsatile tinnitus is an enhanced triage pro-
cess to identify patients with hearing loss and/or non-pulsatile tinnitus who do not
require a face-to-face ENT appointment. An ENT clinician vets the primary care referral
letter for suitability for the virtual clinic based on the presenting complaints, relevant past
medical or surgical history, and the referrer’s otoscopy findings.

Inclusion criteria for the virtual clinic for hearing loss and non-pulsatile tinnitus were:
≥16 years of age; subjective bilateral hearing loss and/or tinnitus that did not fulfil the
criteria for direct referral to audiology (they would see patients ≥50 years of age); subject-
ive asymmetrical sensorineural hearing loss; and subjective unilateral non-pulsatile
tinnitus.

Exclusion criteria for the virtual clinic for hearing loss andnon-pulsatile tinnituswere: cog-
nitive, motor or visual impairment that may preclude use of an iPad®; patients who had been
referred back to ENT having previously been fullymedically assessed (redirected to audiology
or hearing therapy where appropriate); and symptoms that required a face-to-face appoint-
ment (conductive hearing loss, pulsatile tinnitus, vertigo or dizziness, pain, discharge,
infections, abnormal ear examination, and history of ear disease, surgery or ear injury).

Patients were invited for an appointment to have a screening audiogram overseen by a
healthcare assistant in a quiet setting. SHOEBOX Audiometry (Ottawa, Canada)11 is a
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portable, tablet-based (iPad), user-operated audiometric
screening tool that may reduce the need for some patients to
be formally assessed by an audiologist. Calibrated headphones
(using American National Standards Institute S3.6-2004 stan-
dards) are used with the iPad which employs the modified
Hughson-Westlake procedure to produce a screening pure
tone audiogram. The patient is instructed to drag objects on-
screen to either ‘audible’ or ‘inaudible’ bins, while a fixed
tone is played.12 SHOEBOX has been shown to possess good
test performance with a negative predictive value and sensitiv-
ity of approximately 90 per cent for hearing loss, demonstrated
in multiple comparative validation studies compared with the
‘gold standard’ of formal audiometry.12–15

The patient is asked to complete a patient questionnaire
regarding their symptoms, expectations, whether they would
be keen to be referred on to other services, and to establish
safety and consent for magnetic resonance imaging (MRI) of
the internal auditory meati if indicated.

Cases are then booked into a virtual clinic, with the ENT
clinician reviewing the referral letter, patient questionnaire,
severity score from 0–10 regarding their perceived severity of
hearing loss and tinnitus, and the SHOEBOX audiogram to
produce a report summarising the history, SHOEBOX audio-
gram findings and our recommendations. The report is based
on a Microsoft Word® document template including free-text
fields and multiple blocks of patient information that can be
edited as appropriate to the case. The report is sent to the
referring primary care physician and the patient, with sign-
posting to relevant self-referral services, including hearing
therapy and counselling, and appropriate patient information
regarding communication tactics, tinnitus, justification for
imaging and what to expect. An explanation as to what to
expect next and the rationale for the decision made is provided
for patients referred for further evaluation. The outcomes of
the virtual clinic for hearing loss and non-pulsatile tinnitus
are as follows: discharged with advice including access to hear-
ing therapy where appropriate; referral to audiology for formal
assessment and/or onward referral to hearing therapy if
required; MRI of internal auditory meati requested to exclude
vestibular schwannoma; and face-to-face ENT appointment.

The aim of this study was to explore the performance of the
virtual clinic for hearing loss and non-pulsatile tinnitus in
terms of the proportion of patients who are discharged with-
out requiring a face-to-face ENT appointment.

Materials and methods

A retrospective service evaluation was conducted on consecu-
tive patients presenting to the virtual clinic for hearing loss
and non-pulsatile tinnitus from June 2020 to January 2021.
Patient records including the virtual review report, investiga-
tions, interventions and follow-up appointments were
reviewed. All patients were followed through the virtual clinic
for hearing loss and non-pulsatile tinnitus process until the
clinical episode was complete. Data extracted included patient
demographic data, presenting complaint, SHOEBOX audio-
metric screening result (graded as normal (≤25 dB), mild
(26–50 dB), moderate (51–70 dB), severe (71–90 dB) or pro-
found (>90 dB)), outcomes of the consultation (discharge,
referral for formal audiological assessment, and/or onward
referral to hearing therapy, imaging or face-to-face review).

Data were recorded on a Microsoft Excel® spreadsheet.
Descriptive statistics were used to describe demographic data,
presentations and outcomes. The study was registered with
our institutional quality improvement department. As this
was a retrospective service evaluation, ethical approval was
not required.

Results

A total of 228 patients were vetted as appropriate for the vir-
tual clinic for hearing loss and non-pulsatile tinnitus based on
referral information. Eighteen patients (7.9 per cent) were sub-
sequently excluded as they were unable to use the SHOEBOX
audiometer due to cognitive or physical impairment and so
were booked for a traditional face-to-face appointment with
audiologist support.

The study population of 210 patients was composed of 106
females and 104 males, with an age range of 16–86 years. The
age and sex distributions are demonstrated in Figure 1. In
terms of the frequency of presenting complaints, 41.9 per cent
(n = 88 of 210) had hearing impairment, 40 per cent (n = 84
of 210) had hearing impairment and tinnitus, and 18.1 per
cent (n = 38 of 210) had tinnitus. The distribution of presenting
complaints by sex is shown in Figure 2.

The mean average patient-reported symptom severity
scores, on a scale of 0 to 10, were 6.19, 5.60, 7.31, 6.24 and
7.42 for unilateral hearing loss, bilateral hearing loss, unilateral
tinnitus, bilateral tinnitus, and mixed hearing loss and

Figure 1. Cohort population by age group and sex.
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tinnitus, respectively. The average cohort-wide symptom
severity score was 6.61, with a modal score of 7.

One third (33.3 per cent; n = 70 of 210) of those screened
with the SHOEBOX audiological assessment had normal hear-
ing. The frequency of hearing impairment categories is
demonstrated in Figure 3.

A total of 34.8 per cent of patients (n = 73 of 210) were
immediately discharged at virtual review with advice and
information only, without any further input or management.
When broken down by hearing impairment severity as identi-
fied by SHOEBOX Audiometry, the virtual clinic was able to
immediately discharge 80 per cent (n = 56 of 70) of patients
with normal hearing and 24 per cent (n = 13 of 55) of those
with mild impairment. The majority of patients identified as
having more significant hearing impairment than this required
further investigation (Figure 4).

A total of 51.9 per cent of patients (n = 109 of 210)
required formal audiological assessment, 36.7 per cent (n =
77 of 210) required imaging and only 13.8 per cent (n = 29
of 210) required a face-to-face appointment in the ENT
clinic. Note that outcome numbers sum to greater than the
number of patients (210) passing through the virtual clinic
for hearing loss and non-pulsatile tinnitus, alongside percen-
tages summing to greater than 100 per cent. This is explained
by multiple outcomes for some patients in many instances
(for example, a patient referred for both imaging and audi-
ology and subsequently being referred for a face-to-face
evaluation would generate three outcomes for one patient

input). The virtual clinic for hearing loss and non-pulsatile
tinnitus pathway flow can be depicted using a Sankey dia-
gram (Figure 5). This aids in visualising different patient
groups, alongside which patients make up the bulk of refer-
rals for each outcome.

A total of 77 patients (36.7 per cent) underwent MRI to
investigate unilateral symptoms, of which 3 patients were diag-
nosed with vestibular schwannoma or cerebellopontine angle
tumours, accounting for 1.43 per cent of all virtual clinic
patients. A total of 57.8 per cent of patients referred to audi-
ology received hearing aids (n = 63 of 109).

Discussion

This service evaluation details our experience of the virtual
clinic for hearing loss and non-pulsatile tinnitus which
offers an enhanced triage process to identify patients with
hearing loss and/or non-pulsatile tinnitus who do not
require a face-to-face ENT appointment. While the litera-
ture includes studies of tablet-based audiometry as a lone
tool of assessment for hearing, we have demonstrated their
utility in addition to a patient questionnaire to streamline
existing hearing assessment pathways where resources are
lacking for a traditional approach to be undertaken in a
timely fashion.

The virtual clinic for hearing loss and non-pulsatile tinnitus
facilitated the immediate discharge of 34.8 per cent of all
patients presenting for assessment who would have all

Figure 2. Frequency of each presenting complaint by
sex.

Figure 3. Frequency of hearing impairment severity as
identified by SHOEBOX Audiometry in the virtual hear-
ing loss and non-pulsatile tinnitus clinic.
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traditionally required an ENT face-to-face appointment with
formal audiological assessment.

The first meta-analysis investigating the sensitivity and spe-
cificity characteristics of various pure-tone audiometric
screening smart-phone applications was performed in early
2021 by Chen et al.16 Their analysis rigorously screened
1157 individual papers; however, only 25 were deemed to be
of acceptable standard and included. Principally, they found
a sensitivity-specificity area under the curve performance of
0.96 compared against the ‘gold standard’ of formal audiomet-
ric assessment. This demonstrates exceptional diagnostic and
rule-out performance ability for tablet-based audiometric
screening. Pertinent secondary outcome results included the
difference in performance yielded by using headphones versus
earphones (area under the curve, 0.96 vs 0.92, respectively) and
the use of soundproof vs non-silenced environments (area
under the curve, 0.99 vs 0.94). This data supports our rationale
for using a tablet audiometer and validates its performance
against the existing ‘gold standard’.

The SHOEBOX audiometer was chosen for our service
because of its validated test performance characteristics, with
confirmed sensitivities and specificities of 96 per cent and
100 per cent, respectively.17 Comparable results have simultan-
eously been demonstrated by Saliba et al. (95.9 per cent,
100 per cent),14 and Yeung et al. (93.3 per cent, 94.5 per cent).12

Critically, Thompson et al. demonstrated that 95 per cent

of thresholds identified by the SHOEBOX system were
within 10 dB of ‘gold standard’ conventional audiometry.18

SHOEBOX Audiometry is set apart from some competing
tablet-based applications through use of calibrated head-
phones, as opposed to non-calibrated earphones with approxi-
mate equalisation thresholds. This yields greater audiometric
accuracy compared with some competing solutions.19

Louw et al.20 investigated the test accuracy differential
between audiometric screening using tablet-based audiometry
alongside a questionnaire versus isolated usage of the question-
naire only. They demonstrated that the combined assessment
was superior with a hearing loss diagnostic test accuracy of
86.1 per cent vs 77.4 per cent when compared with the ‘gold
standard’ of formal audiometric assessment, providing the
rationale for adopting a combined screening approach.

Using a combined screening approach such as this acts as a
stepping stone between referral from primary care and full for-
mal audiological evaluation. Such high-specificity protocols
have been demonstrated to significantly reduce assessments
by filtering out non-candidate patients.21

Limitations of the virtual clinic for hearing loss and non-
pulsatile tinnitus include the inability of a small number of
patients to engage with the SHOEBOX system due to cogni-
tive, motor, or visual impairment which may not have been
evident at the time of the referral being vetted. Chen et al.
demonstrated that elderly patients using tablet-based

Figure 4. Proportion of patients immediately dis-
charged, stratified by hearing impairment severity as
identified by SHOEBOX Audiometry in the virtual hear-
ing loss and non-pulsatile tinnitus clinic.

Figure 5. Modified Sankey chart depicting patient flow
through the virtual hearing loss and non-pulsatile tin-
nitus clinic. Note that outputs sum to greater than
inputs due to instances of patients having multiple
outcomes.
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audiometers have lower test performance characteristics than
the adult range.16 They suggested this may be due to reduced
technological literacy within these groups.

The standard SHOEBOX Audiometry system, for patients
to self-administer, only allows for air conduction screening.
Our virtual clinic for hearing loss and non-pulsatile tinnitus
has since evolved to include Rinne’s and Weber’s tuning
fork tests performed by the healthcare assistant administering
the SHOEBOX test. This provides additional information at
the time of virtual review, which will help to identify which
patients should be seen by ENT and audiology jointly.

• Hearing-loss and tinnitus cases generate substantial capacity pressures in
ENT out-patient clinics

• The virtual hearing loss and non-pulsatile tinnitus clinic utilises Shoebox
Audiometry, a patient questionnaire and a primary care referral letter

• An ENT specialist virtually assesses cases using this data
• This approach facilitated immediate discharge, with advice, for 80 per
cent of patients with normal hearing, and over one third of all patients

• The need for formal audiological assessment was halved
• This increased the availability of ENT clinics for cases requiring
face-to-face assessment

Future directions of the virtual clinic for hearing loss and
non-pulsatile tinnitus might include delivery of SHOEBOX
Audiometry in community settings, such as general practice
surgeries, to establish if onward referral is necessary.
Decentralisation of hearing assessment has already been
trialled in remote and developing regions and is actively
recommended by the WHO as it has implications for earlier
treatment and detection of impairment. Similar benefits may
be obtained in the developed world setting.22,23

Conclusion

This study demonstrates that 34.8 per cent of patients referred
to ENT with hearing loss and/or non-pulsatile tinnitus were
discharged upon virtual review without requiring a traditional
face-to-face ENT out-patient appointment or formal audiolo-
gist assessment. Face-to-face ENT appointments were deemed
necessary for only 13.8 per cent of patients.

The virtual clinic approach can help reduce waiting times
for patients with these typically benign presentations who
might otherwise face a prolonged wait for a traditional
face-to-face clinic appointment. An initial virtual clinic
approach can improve appropriate utilisation of limited
face-to-face ENT clinic capacity and enable earlier identifica-
tion of patients with brain tumours causing their symptoms.
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