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ABSTRACT

Introduction The COVID-19 pandemic has catalysed the
need to implement the National Health Service Long-Term
Plan to deliver more care in the community and to reduce
face-to-face hospital appointments by up to 33%. This
study aimed to assess the feasibility of a remote otology
service from triage through to delivery.

Methods New adult otology referrals at a tertiary ear,
nose and throat (ENT) hospital aged between 18 and

70 with hearing loss or tinnitus were included. Patients
attended an audiology-led community clinic where they
underwent a focused history, audiometric testing, and

a smartphone-based application and otoscope (Tympa
System) was used to capture still and video images of their
eardrums. The information was reviewed by ENT clinicians
using a remote review platform with a subset of patients
subsequently undergoing an in-person review to measure
concordance between the two assessments.

Results 58 patients participated. 75% of patients had
their pathways shortened by one hospital visit with 65%
avoiding any hospital attendances. 24% required an
additional face-to-face appointment due to incomplete
views of the tympanic membrane or need for additional
examinations. Electronic validation by a blinded consultant
otologist demonstrated a diagnosis concordance of 95%,
and concordance between remote-review and in-person
consultations in the 12 patients who agreed to attend for
an in-person review was 83.3%. 98% of patients were
satisfied with the pathway.

Conclusion This pilot service is feasible, safe and non-
inferior to the traditional outpatient model in the included
patient group. There is potential for the development of

a community audiology-led service or use for general
practioner advice and guidance.

INTRODUCTION

In the UK in 2018-2019, there were over 3
million ear, nose and throat (ENT) outpa-
tient appointments and 1.4 million audi-
ology appointments.' * Only 0.13% of initial
appointments and 1.06% of follow-ups were
conducted as teleconsultations.! * Otolog-
ical and hearing reports form a significant
proportion of those referred to ENT from
primary care.

The National Health Service (NHS) Long-
Term Plan aims to redirect care to the commu-
nity and reduce face-to-face appointments by
up to 83% over b5 years.' It is anticipated that a
shift towards community-delivered healthcare
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What are the new findings

» We describe an innovative pilot service model that
can be used across the whole patient pathway to
deliver remote otological care.

» Our pilot has demonstrated safety and non-inferiority
to a traditional hospital-based otology service for the
selected group of patients.

» Shortened hospital pathway and reduced footfall.

» Good patient satisfaction with the remote review
pathway.

How might it impact on healthcare in the
future

» Potential for the development of a community
audiology-led service.

» Potential for use as general practioner advice and
guidance.

» Potential for use as part of an audiology-led choles-
teatoma surveillance clinic.

» Allowing for the use of microsuction in future uses of
this pathway, more patients could be treated in the
community than we demonstrated.

will optimise the patient experience as well as
reducing travel-related carbon emissions and
congestion on public transport. Digital trans-
formation is one of the major strategies in
this process.

Advances in the production of portable
medical devices that can capture endoscopic-
grade images of the tympanic membrane offer
opportunities for the delivery of specialist
care outside of the traditional hospital-based
setting.! The term teleotology has been
coined to describe this model. In the litera-
ture, it has been used as an aid for general
practioners (GPs)® * as well as a means for
care delivery to patients in rural locations
with limited access to ENT services.*”’

The COVID-19 pandemic has accelerated
the need for alternative otology care pathways
away from the traditional model of an audi-
ology hearing assessment followed by ENT
review for examination with otoscopy and
treatment. Among the significant upheaval, it
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has also been a time of great innovation, and opportuni-
ties have emerged to address long-standing issues in both
the delivery of care and organisation of services.

In March 2020, the Health Protection (Coronavirus,
Restrictions) (England) Regulations 2020 came into
force legally mandating the population in England to
stay at home unless necessary. This has come to be known
as the first National Lockdown. In response to this, ENT
UK published guidance to keep elective outpatient atten-
dances ‘to the safe minimum and increasing the use of
telephone clinics where possible’.® A consequence of
this response was that appointments requiring a physical
consultation were postponed, leading to a large backlog
of otology patients awaiting review. Furthermore, with
resumption of services, new COVID-19-related restraints,
including reduced clinic numbers, restrictions on patient
flow and patient numbers in waiting area spaces, further
lengthened waiting lists.

We explored an alternative option for specialist treat-
ment that would deliver the key elements of an otolog-
ical consultation (history, examination and hearing test)
while reducing footfall in the hospital. The use of tech-
nology to provide an image-based diagnostic service has
been reported during COVID-19; however, to the best of
our knowledge, this is the first description of an otology
service encompassing the full pathway from triage in the
UK.’

The aim of this study was to assess the feasibility of a
teleotology or remote otology consultation service from
triage through to service delivery.

MATERIALS AND METHODS

Context

Patients referred for otology services in North Central
London attend specialist clinics at the Royal National
ENT Hospital in central London. Most patients are seen
by an audiologist for hearing assessment and then an
ENT surgeon for a history, otoscopy and management
plan. The teleotology pathway was designed to deliver
these key elements, but in a novel way by holding the
consultation outside of a hospital environment and the
delivery care led by audiology with remote ENT surgeon
input. Patients in the pilot teleotology pathway remained
under the care of the hospital throughout the process.

The technology

The device

The TympaSystem (figure 1) is a smartphone-based solu-
tion, which combines otoscopy, ear wax removal and
hearing screening developed by Tympa Health Technolo-
gies Limited (London, UK). The TympaSystem is a Class
I medical device, which is CE (Conformité Européenne)
marked and compliant with the European Union’s
Medical Device Regulations under the classification of an
otoscope. It is Food Drug Administration approved and
510(k) exempt. The device allows for recording of still and
video images of a patient’s ear through the smartphone’s

Figure 1 Image of TympaSystem device.

camera and a custom-designed patented optical system.
For the purposes of this pilot, only the otoscopy function
was used due to uncertainty surrounding microsuction as
an aerosol-generating procedure. The audiometry func-
tion of the device was not used in this study.

The remote review platform

TympaHealth has an online software platform that acts
as clinic manager, stores data collected by the device
(multimedia files) and allows the user to input additional
information including history template answers and addi-
tional comments. The platform also generates a PDF
summary document of all the information generated in
the encounter, which can then be shared into the patient
record.

Training

The two audiologists conducting the community-based
clinics received a single face-to-face training session with
the device and how to use the online platform. They were
able to contact the TympaHealth team directly for any
technical assistance. Clinicians involved in the remote
clinical reviews received a 2-hour evening training session
on how to use the remote review platform.

Participants and setting

Participants were new referrals to otology clinics at
a tertiary ENT hospital in central London. Inclusion
criteria were adults aged between 18 and 70 with hearing
loss or tinnitus. Patients presenting with sudden hearing
loss, otalgia, vertigo and otorrhoea were excluded, as
were non-English speaking patients. These patients were
excluded from the pilot as the listed symptoms were
more likely to signify early pathology or pathology that
could not be managed via the tele-otology model. Non-
English speakers were excluded from the pilot due to
limitation surrounding face-to-face interpreters during
the COVID-19 pandemic. These criteria were set during
the COVID-19 pandemic and the age limit of 70 was
set due to the UK government shielding criteria. Due
to uncertainty surrounding microsuction as an aerosol-
generating procedure, patients with otorrhoea or wax
were excluded. These conditions would make evaluation
of remote images insufficient due to incomplete views of
the tympanic membrane.
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Figure 2 Outline of the teleotology pathway. UCLH, University College London Hospitals; DOB, Date of Birth

Community reviews including audiology testing were
undertaken ata Boots Hearingcare site in central London.
This site was chosen to simulate a community audiology
booth environment offsite from a hospital. Hospital audi-
ology equipment was brought to the location and used
for pure tone audiometry and tympanometry; the audi-
ometry feature of the device had not been validated and,
therefore, it was not used. Community clinics were deliv-
ered by two hospital audiologists. Patients were seen in a
3-week period between 15 July and 6 August 2020.

The pathway

Initial triage and recruitment

Patients were identified by triaging new referrals to five
consultant otologists at our hospital using the informa-
tion provided in the initial referral letters. Those who met
the inclusion criteria were invited to participate by phone
or letter. Informed consent was taken verbally and docu-
mented in their clinical notes (figure 2).

Community visit

The audiologist completed a history proforma on the
TympaHealth device with the patient (online supple-
mental appendix 1). The device was then used to
examine the patient’s ears including both images and
video capture. Video capture was performed in order to
capture all four quadrants of the tympanic membrane

to ensure that the full tympanic membrane could be
assessed. The videos were less than 1 min in duration per
ear. If there were no contraindications for further audi-
ological assessment, as determined by the audiologists,
diagnostic pure tone audiometry and tympanometry
were performed using hospital audiological equipment.
Otometrics Aurical AUD S/N: 438 482 audiometer and
Otometrics Madsen Zodiac S/N 1930136 tympanometer
were used, respectively, in accordance with the British
Society of Audiologist’s recommended procedures (ref
2014, 2018). Air conduction thresholds were measured
using insert earphones and bone conduction thresholds
using B71 bone transducers.

The results were stored within the hospital electronic
medical record Epic (Epic Systems Corporation, USA).
Patient satisfaction data were also collected at this time.
This entailed completion of a patient questionnaire
(online supplemental appendix 2), which assessed a
number of aspects of the patient experience of the service
using a 10-point Likert scale.

Remote specialist Review

Three NHS ENT doctors employed at the hospital, the
patients were referred to (one consultant, two specialty
registrars) remotely reviewed the information collected
from the communityvisit using the TympaHealth platform
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and the patient’s electronic health records on the NHS
electronic medical record system Epic. Initial review of
the patient information was performed by one member
of these three doctors prior to a further, blinded valida-
tion review by a consultant otologist. The information
that was reviewed included the patient history proformas,
still and video images of the tympanic membranes, audi-
ometry and tympanometry.

Smart text/templates were created on Epic to stan-
dardise the reporting format (online supplemental
appendix 3). The templates included information
regarding the presence/absence of otological symptoms,
the findings from the community visit, a clinical impres-
sion of the findings and a management plan. These
templates were adapted to the patient-specific informa-
tion. A letter was sent to the patient and their general
practitioner/referring clinician summarising the consul-
tation and management plan. A dedicated email address
for the pilot service was included in the letter for patient
queries relating to their diagnosis or management.

Following the initial remote review, patients were either
discharged from the service, sent for additional investiga-
tions, offered telephone follow-up, referred to affiliated
departments (audiology or audiovestibular medicine) or
given an in-person appointment.

Validation

In order to assess inter-rater variability, all patients were
remotely reviewed by a second consultant otologist who
was blind to the initial diagnosis and management plans.
Agreement was assessed for diagnosis and management
plans.

In order to assess equivalence of the teleotology consul-
tation to a face-to-face consultation, all patients were
invited for a face-to-face appointment with a consul-
tant otologist. Diagnosis and management plans were
compared with those made by the teleotology pathway
and evaluated for concordance and in cases of discor-
dance, the reason for this.

Data analysis

Descriptive measures were used to analyse the data
and the manuscript follows the Standards for QUality
Improvement Reporting Excellence (SQUIRE) reporting
guidelines.

Patient
This pathway was developed to allow patients access
to specialist review during the acute first wave of the
COVID-19 pandemic in the UK, while our hospital-based
outpatient clinic was closed to routine clinical activity.
Patients were actively recruited to this study via tele-
phone calls from clinicians involved in the study,
explaining the pathway and process of this novel service.
They were informed that this was a new pathway being
piloted due to the COVID-19 pandemic and was different
to the traditional clinical review pathway. They were
informed that we would be asking them to complete a

patient satisfaction questionnaire at the end of their
remote review, where they were asked to assess the novel
pathway.

They were aware that they would be offered a face-
to-face review at the earliest opportunity, if there was a
clinical concern on the remote review. They were also
informed that a group of randomly chosen patients would
be selected for face-to-face review to validate the findings
of the pilot. Patients were also provided with contact
details if they had any further comments regarding the
pathway or clinical-related queries.

The feedback and comments received from the patients
involved in this pilot study will go towards shaping the
design of future proposed community-based otology
pathways.

RESULTS AND ANALYSIS

Use of the service

23.71% of all new referrals (243/1029 patients) met the
inclusion criteria. 27.05% of this group agreed to partic-
ipate in the pilot (N=66), with 87.87% attending their
appointment (N=58). Given the pragmatic underpin-
nings of this study, all patients who agreed to participate
were included. Furthermore, the aim of this study was to
assess the feasibility of a proposed new service without
reference to any one particular end point or outcome
measure; therefore, a formal calculation of sample size
was not performed. The mean age of participants was
45.2 years (range 20-67) and 60% were women. Although
only new referrals to our hospital were included in this
pathway, 67% of patients had previously been seen by
ENT in the past. The demographics and patient charac-
teristics are presented in table 1.

Community audit data

Fifty-eight patients were seen in clinic; 93% (54/58) of
those seen had been correctly identified as suitable for
inclusion in the pilot based on the agreed inclusion
criteria. Of 4 out of 58 patients were found to be unsuit-
able for inclusion in the pilot study due to wax occlu-
sion or otitis externa. The consultation took 19.4 min
on average and no episodes of patient harm nor adverse
events were recorded.

The quality of the combined clinical information
(history, examination and audiology tests) was deemed
universally adequate for the purposes of the remote
clinical review and diagnosis by all reviewers, including
the validating otologist. Individual elements in isolation,
however, were not always sufficient. Due to the variability
in quality and inability to capture the whole tympanic
membrane, single still images were not generally adequate
to make an assessment of the ear drum compared with
the four quadrant still images of the tympanic membrane.
For 62% of patients, the videos captured were considered
more suitable for diagnostic purposes compared with the
corresponding still images of the tympanic membrane.
The videos were felt by the reviewers to provide a more
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Table 1 Demographic data of patients who attended the Table 2 Summary of patient outcomes, onward referrals

teleotology clinic and imaging requests in the teleotology pilot

Variable N Mean Range Variable Result

Age (years) 58 452 20-67 Attended appointment 58

Sex Did not attend (n) 8
Male 23 (40%) Time per patient review (min) 10.3
Female 35 (60%) Outcomes (n)

Occupation Discharged 19 (32.8%)
Professional other 10 Face-to-face appointment 20 (34.5%)
Education 8 Video consultation 10 (17.2%)
Skilled technical 7 Letter with results 9 (15.5%)
Health 5 Imaging requests (n) 27
Unemployed 5 CT temporal bone 6
Caring/leisure services 4 Cone beam CT S
Retired 3 MRI 18
Sales 3 Onward referrals (n) 21
Machine operatives 2 Hearing aid 14 (24.1%)
Administrator 2 Audiovestibular medicine 3 (5.1%)
Skilled trade 2 Tinnitus therapy 6 (10.3%)
Social care 2
Charity/ volunteer 2 obstruction of views by wax, incomplete visualisation of

Previously seen by ENT the entire tympanic membrane and inadequate focus.
ves 39 Patient outcomes
No 16 Table 2 summarises the main patient outcomes following

Diagnosis the initial teleotology clinic appointment. Nearly, one-
Presbycusis 1 third of patients were discharged following the commu-
Mixed loss 2 nity clinic. Just over 15% of patients had no organised
Normal 4 follow-up but received a letter with imaging results and a

. further 17.2% had teleconsult follow-up.

Asymmetrical SNHL 12 Of the 20 patients requiring further review, six of these
Otitis externa 1 appointments did not result in a lengthened pathway as
Perforation 5 they required further in-person reviews following imaging
Unilateral OME 5 requests and, therefore, would have also been required
Otosclerosis 4 if the patients had been seen face-to-face initially. Half

- of the 14 patients with lengthened clinical pathways (7)
Tympanic membrane 2 required further examination for possible unilateral otitis
retracted media with effusion, including examination of the post-
Tinnitus

Eustachian tube dysfunction
Auditory processing disorder

Symmetrical SNHL
Cholesteatoma
Conductive hearing loss

9
5
1
Noise-induced hearing loss 1
2
2
1
Non-organic hearing loss 1

ENT, ear, nose and throat; OME, Otitis Media with effusion; SNHL,
Sensorineural hearing loss.

dynamic assessment of the tympanic membrane akin to
microscopic evaluation in the ENT clinic setting. Factors
contributing to poor image and video quality were

nasal space. A management plan could not be made in
5/14 due to inadequate views of the ear drum, and a 2/14
had conditions identified that were not suitable for the
remit of the pilot study.

Therefore, our results show that 75.8% (N=44) of our
samples of of patients had their pathway shorted by one
hospital visit and 65.6% patients avoided any hospital
attendances for review in clinic.

Validation

All 58 patients were reviewed by a blinded consultant.
Concordance with diagnosis between the blinded
consultant otologist reviewing the remote reviews was
94.8%. Modifications of diagnosis included a false fundus,
Iincudostapedial joint erosion and possible hydrops;
despite this, there was only one patient who required a

Forde CT, et al. BMJ Open Quality 2022;11:6001444. doi:10.1136/bmjoq-2021-001444
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Table 3 Reasons for disagreement with management plans
by validating consultant otologist

Reason Frequency
Imaging

Additional scans 3

Unnecessary scans 2
Onward referral

Hearing aid 1

Advanced audiology 1
Follow-up modality

Face-to-face required 1
Treatment 1
Total 9

change to their management plan. Management plans
were agreed in 84.5% of patients. Reasons for disagree-
ments are summarised in table 3.

Twelve of the 58 patients agreed to attend hospital for
an in-person review. There was agreement with the diag-
nosis and management plans between consultant-remote
review and in-person consultant review in 83.3% of cases
(10/12) with some minor modifications to management
plans made at the face-to-face visits. These included the
addition of a CT scan request for a patient with bilat-
eral false fundus and a second case involved not recom-
mending a hearing aid.

Patient satistaction

Ninety-eight per cent of patients stated that they would
recommend the service to another patient and 76.8%
of patients were happy being seen by an audiologist and
would not have preferred being seen by a doctor. Average
satisfaction scores out of 10 were as follows: 8.52 for
waiting time for the appointment, 9.91 for waiting time
on the day of the appointment, 9.96 for appointment
length and 8.98 for business of the waiting area.

DISCUSSION

Footfall reduction in the hospital is pressing in view of the
ongoing threat from COVID-19. Even before this novel
pathogen, hospital outpatient clinics were overwhelmed
by increasing patient numbers who faced ever-growing
delays to be seen.

Remote review services offer an alternative pathway
for the assessment and management of patients with
otological reports in the community. Nearly, two-thirds of
patients in our cohort avoided attending a hospital-based
appointment.

Diagnostic and management concordance are incred-
ibly important to ensure a safe, non-inferior service to
the traditional consultation model. Diagnostic concor-
dance with a blinded consultant otologist reviewing
the remote reviews was 94.8%, and 83.3% in randomly
selected in-person reviews. Similarly, management plans

3

were agreed in 84.5% of patients with blinded remote
reviews and 83.3% of the randomly selected face-to-face
reviews. These figures correlate well with a recent system-
atic review of diagnostic concordance in otolaryngology
telemedicine.'” They concluded that an asynchronous
review model did not suffer from reduced diagnostic
concordance, particularly when there is an adequate
level of clinical information provided, which we ensured
in our pilot through the use of audiology-led history and
examinations.

A key consideration in developing this service is case
selection. As our triaging criteria were retrofitted to the
new referrals for the purposes of the pilot, a dedicated
teleotology referral criterion would reduce the inappro-
priately triaged patient numbers and subsequent length-
ened pathways.

In our pilot, we limited the service to patients with
hearing loss and/or tinnitus. Otorrhoea was excluded
given the uncertainty in the early days of the pandemic
surrounding classification of aerosol-generating proce-
dures."" '* The device itself can facilitate suction clear-
ance of the ear canal and, with training, practitioners
using this device to suction could see a broader patient
group as well as reducing hospital visits for microsuction
for wax removal.

Furthermore, if wax removal had taken place in our
pilot, this would have reduced the number of patients
needing to reattend. Wax removal is a simple interven-
tion that can have alleviate a reversible cause of temporary
deafness, which is associated with significant impairment
of quality in life and threats to safety. The NICE Quality
Standards for Hearing Loss in Adults (National Institute
for Health and Care Excellence) irecommends that wax
removal should be performed in primary care or commu-
nity ear care services, to prevent the inappropriate use of
specialist services."> However, at the same time, a greater
number of commissioning groups have cut this essential
service.

Undoubtedly, using the device for procedures such
as suctioning, will require additional training to ensure
safe and effective performance. This, however, is an easily
surmountable obstacle with additional training. Indeed,
in many centres, microsuction clinics are nurse led.

We have also demonstrated that teleotology can be used
to list patients for surgery. This supports previous work,
where telemedicine surgical recommendations were
found to match recommendations following in-person
reviews for a series of 45 patients who were seen inde-
pendently in both settings.'*

Our community review was led by audiologists. This
professional group are well-placed to provide such a
service, particularly as audiologists are experienced in ear
examination, history taking and audio-vestibular testing.
Indeed, audiologist-led store-and-forward telemedicine
consultations have been successful in rural Alaska, where
they were associated with a 50% reduction in waiting
times to be seen by ENT across a 6-year period."”” This
reduction was attributed to the fact that most referrals
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could be managed within the audiology-led clinic, thus
increasing availability of clinic slots for others. Our study
corroborates this given that a significant proportion of
the complaints were managed within the single audiol-
ogy-led consultation or through subsequent referral to
audiology led clinics (tinnitus therapy and hearing aid
centre). The delivery of this service, however, could be
broadened further. With suitable training, other health-
care practitioners could facilitate such pathways.

In addition to a community-based audiology clinic for
ontological reports, there are alternative models that our
pathway could be applied to. Once such example is the
development of an advice-and-guidance service for GPs.
This could reduce patient referrals to the hospital due to
triage by the remotely reviewing specialists. This model
has been described previously, but the smart-otoscope
used here is likely to be more accessible to either an audi-
ology or GP-led service due to instrument familiarity over
an otoendoscope used in other pilots.” The Tympa system
also benefits from the online secure platform, which
was accessible and user-friendly, facilitating a store-and-
forward platform and asynchronous remote specialist
review. This platform produces a patient record that can
be incorporated into the patients’ medical records.

A further application could be for audiology-led postop-
erative cholesteatoma surveillance clinics with specialist
review of any concerning findings. This again represents
another potential use to reduce the burden on specialist
clinics. Khalid-Raja et alanalysed hospital episode statistics
data to estimate that, over the four selected years between
2005 and 2012, an average of 5074 patients underwent
operations for cholesteatoma per year.'® Using the same
Office of Population Censuses and Surveys Classification
of Interventions and Procedures codes, 4635 patients had
similar surgery in 2019."” These patients are routinely
followed up for a number of years; therefore, clinical
surveillance can represent a significant burden in otology
clinics.

Our pilot study is not without limitations. First, the
sample size of patients is small. Of those eligible, just
under one quarter of patients agreed to participate.
Our sample, therefore, may not be sufficiently powered
to be representative of the wider population who would
be eligible for assessment in such a service in the
future. As already discussed, with the use of microsuc-
tion functions of the device, the inclusion criteria could
be broadened to include patients with wax impaction
and/or discharge. Second, only a proportion (12/58)
of the patients underwent in-person clinical validation.
Given the current public health concerns surrounding
coronavirus at the time the study was undertaken, it is
perhaps unsurprising that patients did not want to be
seen in a hospital setting. Future studies will benefit
from a greater proportion of patients being reviewed in
person to assess concordance of examination findings,
diagnosis and management plans. Finally, capture of
clear views of the tympanic membrane was challenging
in patients with narrow or tortuous ear canals. Video

capture was able to getaround this problem by providing
a dynamic view of the whole drum. Further work has
been suggested to increase the range of speculum sizes
to account for variations in ear canal anatomy in order
to optimise visibility.

Future development of this pathway would also benefit
from th\e use of a validated measure of patient satisfaction.

Conclusion

We have demonstrated that this innovative tele-otology
service model is clinically safe and non-inferior to the
traditional clinical model.

Hospital pathways were shortened in the vast majority
of patients, and hospital footfall reduced by delivering
care in the community and arranging follow-up via tele-
phone or video consultations. In an appropriately struc-
tured service, cost reductions from community-led care
should be expected. Despite the remote management,
the patient experience did not suffer as 98% of patients
would recommend the service to others. With triage
criteria improvements and use of microsuction, further
reductions in pathway length and hospital footfall should
be expected.

Looking ahead, the teleotology model could be applied
to audiology-led community clinics such as our model,
GP advice-and-guidance services or audiology-led choles-
teatoma surveillance clinics.
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